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Description 

Field of the Invention 

[0001] The present invention relates to systems for 
percutaneous bone and spinal stabilization, fixation and 
repair, including intramedullar bone and vertebral fix- 
tures. 

Background of the Inventions 

Intramedullar Fixtures for Repair of Broken Bones 

[0002] Intramedullar fixtures for use in repair of broken 
bones are well known in the art. Such fixtures, which 
generally have the form of long, narrow nails, are inserted 
longitudinally into the bone's intramedullar cavity, so as 
to connect together and jointly brace two or more sections 
of a severely fractured bone, and thereby promote heal- 
ing. 

[0003] Afixture of this type must have a radial diameter 
large enough to firmly and rigidly hold its position after 
insertion. The problem of holding the fixture in position 
is complicated by the fact that the intramedullar cavity of 
most long bones is not uniform, but is, rather, narrow at 
the middle of the bone and flares out at the ends. The 
problem is further complicated by the fact that a rod in- 
serted into such canal does not normally provide stabili- 
zation for rotational and bending movement. 
[0004] Frequently, the bone medulla must be reamed 
out before insertion of the fixture, to make room for the 
fixture therein. Such reaming destroys tissue within the 
bone and may consequently retard proper healing. 
Therefore, various intramedullar nails and fixtures have 
been designed to have a narrow shape during insertion 
and then to expand radially outward to fit the shape of 
the intramedullar cavity and hold firmly therein. 
[0005] For example, U.S. Patent No. 4,204,531 to 
Aginsky, describes an intramedullar nail with an expand- 
ing mechanism. The nail includes an outer tubular 
sheath, a rod-shaped element longitudinally movable in 
the sheath, and an expandable element having two or 
more spreadable longitudinal branches at the front (in- 
ner) end of the nail. The nail is inserted into the medullar 
cavity of a bone, front end first, leaving the rear end of 
the nail to protrude out of the end of the bone. The rod- 
shaped element is then pulled back, causing the branch- 
es of the expander element to spread radially outward, 
thereby anchoring the front end of the nail within the in- 
tramedullar cavity. 

[0006] Similarly, U.S. Patent No. 4,854,312 to 
Raftopoulous et al., describes an expanding intramed- 
ullar nail. The nail is formed of two elongate members. 
A first one of the members has an articulated channel, 
which slidably engages the second member. After the 
nail is inserted into the intramedullar cavity, the second 
member is slid longitudinally relative to the first, causing 
the end of the second member to bend, so that the nail 



spreads laterally within the cavity and is anchored in 
place. 

[0007] U.S. Patent No. 4,313,434 to Segal, describes 
a method for fixation of fracture of long bones using a 

5 flexible, inflatable bladder inside the intramedullar cavity. 
A small opening is drilled in the bone, and the bladder is 
inserted through the hole into the intramedullar cavity. 
The bladder is then inflated with sterile air and sealed, 
to fixate the bone. After the fracture has healed, the blad- 

10 der is deflated and removed. 

[0008] U.S. Patent Nos. 5,423,850 and 5,480,400 both 
to Berger, describe methods and devices of bone fixation 
using a balloon catheter. The catheter, with the deflated 
balloon at its distal end, is inserted into the intramedullar 

15 cavity, past the fracture site. In the '850 Patent, the bal- 
loon is inserted by guiding it along guide wires that are 
fed through the cavity, before introducing the catheter. 
Once fully inserted in the cavity, the balloon is inflated to 
anchor it in place, and the catheter is tightened against 

20 the balloon to provide compression to the fracture. 

[0009] The intramedullar fixtures and methods of im- 
plantation thereof that are described in all of the above- 
mentioned patents require that a portion of the expand- 
able intramedullar fixture be left protruding through the 

25 patient's skin. Such protruding portions, however, in- 
crease the likelihood of postoperative infection and inter- 
fere with mobilization of the bone. Accordingly, it is an 
object of the present invention to provide methods and 
devices which eliminate the need for such protrusions. 

30 [0010] In addition to fracture of large bones, fracture 
of long small bones is also a very common occurrence. 
However, a simple treatment which allows early mobili- 
zation with fracture stabilization is not currently available. 
[0011] Varela and Carr in an article entitled "Closed 

35 Intramedullary Pinning of Metacarpal and Phalanx Frac- 
tures," in Orthopedics 13 (2), 213-215 (1990), describe 
one method for fixation of finger fractures using K-wires. 
To fixate a fractured finger bone, several such wires, 
slightly bent, are inserted one after another into the in- 

^0 tramedullar cavity. Each wire is inserted through a re- 
spective hole drilled near one end of the bone. Typically, 
between two and five wires are needed to fixate the bone. 
After insertion, the wires are cut off flush with the bone 
surface, and the skin is closed over the insertion site. 

45 [0012] However, the treatment of choice today for frac- 
tured small tubular bones is the insertion of a thin metal 
rod (intramedullary nailing). To preventthis rod from mov- 
ing, an edge of the rod is left projecting from outside the 
bone, such as is done in metatarsal bone fracture nailing 

50 where the end of the rod projects out of the finger tip. 
This fixation, however, prevents the patient from using 
the finger or the broken bone limb. It also does not allow 
good rotational stabilization. In addition, it can also result 
in infection due to communication between the bone me- 

55 dulla and the exterior of the body. 

[0013] Some patents and methods for the fixation of 
small bones without use of protruding rods currently exist 
in the art. Examples include, for example, Lewis, R.C., 
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Jr., Nordyke, M., Duncan, K., Clinical Orthopedics Relat- 
ed Research, 1987, 214 (85-92); Nordyke, M.D., Lewis, 
R.C., Janssen, H.F., Duncan, K.H. J. of Hand Surgery, 
1988, 13/11 (128-134); Varela; CD., Carr, J.B., Ortho- 
pedics, 1990, 13/2: 213-215; and, WO 94/12112, US 
4204531 , and US 4854312. 

[0014] One method in particular is described in an ar- 
ticle "Expandable Intramedullary Device for the Treat- 
ment of Fractures in the Hand", Royce C. Lewis et al., 
Clinical Orthopedics and Related Research, Tech. Or- 
tho., 1989, 1:18-91. In this article, an expandable in- 
tramedullary nail is inserted after the fractured bone is 
opened and the nail is inserted through the broken part. 
The nail is inserted through the fracture and not through 
the bone extremities. Yet, there still exists a need for a 
percutaneous minimal trauma insertion of an internal fix- 
atorforsmall bones which does not necessitate exposure 
of the bone surface. 

[001 5] Intramedullar nailing through the finger tip is al- 
so discussed in the article "Closed intramedullary pinning 
of metacarpal fractures", Varela, CD.; Carr, J.B., Ortho- 
pedics, 1990, 13/2: 213-215. However, this nailing does 
not involve an expandable nail. 

[0016] Numerous of the bone fixation patents men- 
tioned above involve implantation of different metal de- 
vices (i.e., Nitinol, Titanium, etc.). Another possibility is 
to use a detachable inflatable balloon as an expandable 
intramedullary bone fixator. There are patents that exist 
today for bone fixation with a balloon, but these do not 
provide intramedullary nailing. They provide only a join- 
ing effect as in the pulling of one broken bone towards 
the other. Examples of these include U.S. Patent Nos. 
5,423,850 and 5,480,400 (described above). 
[0017] Accordingly, a variety of significant shortcom- 
ings exist in the present art of fracture stabilization. To 
address these problems, the present inventors have pro- 
vided an intramedullary nailing which is accomplished 
for example, by using a detachable intramedullary bal- 
loon located at the middle of the fracture, and extended 
across both bone segments, a improved device is pro- 
vided which addresses the numerous shortcomings of 
the prior art. Such devices provide the patient with a rapid 
post-surgery fracture stabilization resulting in mobiliza- 
tion of the limb and reduced chance for infection, as well 
as the possibility of removal after bone healing, if needed. 

Intervertebral Disc Ablation and Spacer Placement 

[0018] Back pain is a widespread ailment which is often 
attributed to disc pathologies and vertebral instability. 
Nowadays, the treatment of choice of spinal fusion in- 
volves disc removal followed by implantation of a plate 
with or without screws into the intervertebral space (See 
e.g., U.S. Patent No. 5520690, U.S. Patent No. 5522816, 
and U.S. Patent No. 5529899). The procedure also in- 
volves implantation of a bone graft in the intervertebral 
space. 

[0019] Patents and applications employing artificial in- 



tervertebral discs currently exist, although they have not 
yet been proven successful in patients (U.S. Pat. No. 
4,759,769; WO 92/14423; WO 90/00037; WO 96/371 70). 
Existing treatments involve introductory surgery for re- 

5 moval of the original spinal disc tissue and placement of 
the intervertebral support. An intervertebral spacer and 
stabilizer is placed within the intervertebral space fol- 
lowed by the removal of the damaged disc and cleaning 
of the intervertebral bone surfaces by use of different 

10 cutters and retractors (U.S. Pat. No. 4,904,260 and U.S. 
Pat. No. 5,645,598 for example). A bone graft is then 
implanted to facilitate spine fusion. 
[0020] All procedures utilizing the above method re- 
quire actual opening and dissection of the back and/or 

15 the abdomen or performing the procedure laparoscopi- 
cally. Accordingly, there is currently a need in the art for 
a percutaneous non-laparoscopic type minimally inva- 
sive technique to facilitate and improve the current meth- 
od for spine fusion. 

20 [0021] In addition, the disc ablation procedure may in- 
volve the interposition of a spacer in the intervertebral 
space to support the vertebrae until spine fusion is 
achieved by osteogenesis. The existing spacers are con- 
structed with a fixed diameter according to the space 

25 needed to be kept in the intervertebral area. Although 
one spacer has been disclosed which expands by rotat- 
ing a screw, it only expands upwards and downwards, 
and therefore still has a large insertion profile. This does 
not allow for the insertion of the device percutaneously 

30 in a minimally invasive technique. As discussed in greater 
detail below, there is a need for a spacer or prosthesis 
that is created with a small diameter and which can ex- 
pand radially once implanted. In addition, as also dis- 
cussed below, there is also a need for an intervertebral 

35 tissue extractor which can likewise function percutane- 
ously for use in the procedures described. 

Intervertebral Disc Prostheses 

40 [0022] Intervertebral disc prostheses are also known 
in the art. Such a prosthesis is generally inserted into the 
intervertebral space following the removal of all or a part 
of the disc matter from the space. Upon insertion, the 
prosthesis holds two adjacent vertebrae apart from each 

45 other, so as to maintain the vertebrae in an anatomically 
correct spacing and orientation. Following surgery to im- 
plant the prosthesis, bone generally grows from the ver- 
tebrae into and around the prosthesis, thereby holding 
the prosthesis firmly in place and preventing undesirable 

50 motion of the vertebrae relative to each another. 

[0023] U.S. Patent Nos. 4,772,287 and 4,904,260 to 
Ray et al., describe prosthetic disc capsules having a 
generally cylindrical shape and containing a gel material 
having properties similarto those of the disc matter. After 

55 removal of a portion of the disc matter, two such pros- 
thetic capsules are implanted in the disc space, one on 
either side of the sagittal axis of the spine. The capsules 
may be implanted in a deflated state and then inflated 
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with the gel to a pressure sufficient to hold the adjoining 
vertebrae apart. 

[0024] To implant the prosthetic disc capsules in the 
disc space, it is necessary to open the patient's back and 
perform a partial laminectomy to gain access to the disc 
space. Such open laminectomy is a major surgical pro- 
cedure, with attendant risks, side effects and long recov- 
ery time. Other disc prostheses, as described, for exam- 
ple, in U.S. Patent Nos. 3,875,595, 4,349,921, 
3,867,728,4,554,914, 4,309,777, 3,426,364, and 
4,636,217, similarly require major surgery for implanta- 
tion thereof. 

[0025] In response to the risks and lengthy recovery 
period associated with open surgery for treatment of 
bulging or herniated discs, an alternative, minimally-in- 
vasive surgical technique of percutaneous diskectomy 
has been developed. In percutaneous diskectomy, a nar- 
row cannula is inserted into the disc space in a lateral 
approach through a small incision in the patient's side. 
The lateral approach to the disc obviates the need to cut 
through bone and/or substantial amounts of muscle, as 
required by other surgical methods known in the art. Sur- 
gical tools are passed through the cannula to cut away 
and remove disc material, so as to relieve the outward 
pressure of the disc on surrounding nerves and thus to 
alleviate the pain caused by the bulging or herniated disc. 
[0026] Percutaneous d iskectomy can be performed as 
an outpatient procedure and, when successful, allows 
the patient to return to full activity after only a short re- 
covery period. The procedure is successful only in about 
70% of cases or less, however, and does not allow the 
full range of treatment afforded by open back surgery. 
For example, disc prostheses and methods of implanta- 
tion of such prostheses that are known in the art are not 
suitable for use in the percutaneous approach. 
[0027] The vertebrate spine is the axis of the skeleton, 
on which the body parts hang. The bony vertebral bodies 
of the spine are separated by intravertebral discs, which 
serve as a cushion between vertebral segments of the 
axial skeleton. These discs comprise a fibrous annulus 
and a nucleus, which is a gel-like substance, contained 
within the annulus. A disc herniation occurs when the 
tissue of the nucleus bulges out of the annulus. The her- 
niated nucleus may exert pressure on a spinal nerve ad- 
jacent to the disc, resulting in pain or loss of muscle con- 
trol. The normal procedure in such cases is to remove 
the herniated disc tissue in open surgery, but this is a 
major procedure with long recovery and potentially seri- 
ous side effects. 

[0028] In response to the dangers and complications 
of open spinal surgery, minimally invasive procedures 
for removal of herniated tissue have been developed. 
One type of such procedure as described above, is per- 
cutaneous diskectomy, in which herniated tissue of the 
nucleus of the disc is removed from the patient's body. 
Apparatus forsuch procedures is described, for example, 
in U.S. Patent No. 5,131,382. The nuclear tissue is re- 
moved thorough a cannula, which is inserted through a 



small incision, preferably in the patient's side, into the 
intervertebral space. By making the incision as small as 
possible and entering the body laterally, rather than dor- 
sally, trauma to the patient is minimized. Removal of the 
5 herniated tissue is a long process, however, frequently 
requiring removal and reinsertion of resection tools many 
times. 

[0029] In some diskectomy procedures, after the tis- 
sue is removed, a disc prosthesis is inserted to replace 

10 the nucleus and possibly the annulus, as described 
above, and in PCT publication WO 96/1 1643 for exam- 
ple. Generally, it is desired that the two adjacent verte- 
brae fuse together, around the prosthesis. In order to 
facilitate insertion of the prosthesis and encourage sub- 

15 sequent bone fusion, the disc tissue should be thoroughly 
cleaned out during diskectomy. However, percutaneous 
diskectomy procedures and devices known in the art do 
not generally achieve such thorough cleaning. 
[0030] WO 96/32899 describes a device for intramed- 

20 ullar fixing having a nail with at least one expanding 
chamber. 

[0031] EP 0 493 789 describes a device having a tube 
of non elastic material for inserting into the narrow cavity 
of bone according to the preamble of claim 1 . 

25 

Summary of the Invention 

[0032] It is an object of the present invention to provide 
improved devices and methods for intramedullar fixation 
30 of fractured bones. 

[0033] It is an object of the invention to provide devices 
and methods for fixation of the humerus and other long 
bones. 

[0034] It is an object of the invention to provide devices 
35 and methods forfixation of fractures of the phalanx bones 
or other small bones of the hands and feet. 
[0035] It is an object of the present invention to provide 
devices and methods which allow intramedullar bone fix- 
ation using minimally-invasive surgical procedures, so 
^o as to generally reduce operative trauma and allowspeed- 
ier post-operative recovery. 

[0036] It is an object of the present invention to provide 
devices and methods for percutaneous bone and spinal 
stabilization, fixation and repair. 

45 [0037] It is a further object of the present invention to 
provide a percutaneously inserted intramedullary bone 
fixation device for the stabilization of fractured bones. 
[0038] It is an object of some aspects of the present 
invention to provide devices for intramedullarfixation that 

50 allow mobilization of a bone within a short time of fixation 
thereof. 

[0039] It is an object of other aspects of the present 
invention to reduce the risk of post-operative infection 
following intramedullarfixation. 
55 [0040] It is a further object of the present invention to 
provide inflatable balloon fixation devices for intramed- 
ullary nailing. 

[0041] It is a further object of the present invention to 
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provide fixation devices having a valve for inflation and 
deflation of the devices. 

[0042] It is a further object to provide intramedular de- 
vices having fixation elements for anchoring the devices 
against the inner surface of a bone. 
[0043] It is a further object of the present invention to 
provide devices which provide for a less invasive surgical 
treatment of intervertebral spine fusion. 
[0044] It is a further object of the present invention to 
provide a minimally invasive device for treatment of in- 
tervertebral spine fusion which includes the extraction of 
intervertebral tissue and the placement of an interverte- 
bral spacer. 

[0045] It is an object of the present invention to provide 
an improved disc prosthesis for implantation in the in- 
tervertebral disc space. 

[0046] It is a further object of some aspects of the 
present invention to provide a disc prosthesis suitable 
for implantation using minimally invasive methods of per- 
cutaneous diskectomy. It is another object of these as- 
pects of the invention to provide devices for use in per- 
cutaneous implantation of the prosthesis. 
[0047] It is a further object of the present invention to 
provide a prosthesis whose size can be increased long 
after implantation, without the need for a second surgical 
procedure. 

[0048] Further objects of the invention will become ap- 
parent upon reference to the drawings, description and/or 
claims herein. 

[0049] In a first aspect, the present invention provides 
a medical device for treatment of broken bones having 
an intramedullary cavity, the bone being provided with a 
bore formed through the exterior surface of the bone and 
extending into the intramedullary cavity, comprising : 

a bone fixture according to claim 1 for insertion 
through the bore of the bone and into the intramed- 
ullary cavity, said bone fixture comprising an inflat- 
able, diameter-expandable, non-memory metallic 
tube having an exterior circumferential surface, said 
tube having a reduced first diameter for insertion 
through the bore and into the intramedullary cavity 
and asecond expanded diameter, wherein said bone 
fixture will radially increase in diameter from said re- 
duced first diameter to said expanded second diam- 
eter by inflation when fluid is supplied to the interior 
of said device, and when said bone fixture radially 
increases in diameter from said reduced first diam- 
eter to said second expanded diameter, at least a 
portion of said exterior circumferential surface com- 
ing into contact with a portion of the side wall of said 
intramedullary cavity upon said bone fixture increas- 
ing to said second expanded diameter. 

[0050] Preferably, the reduced diameter is sufficiently 
small such that said fixture can be inserted into the bone 
through a hole which is smaller in diameter than the me- 
dulla of the bone. More preferably, the reduced diameter 



is sufficiently small such that said fixture can be inserted 
into the bone through a syringe. 

[0051] Preferably, the expanded diameter is sufficient- 
ly large such that said expanded diameterextends across 
5 substantially the entire width of the intramedullary cavity 
of the bone. 

[0052] The fixture may further comprise a valve or lon- 
gitudinal bars. More preferably the fixture comprises a 
curved surface before expansion, said surface being 

10 curved to form a series of connected bulbous sections. 
The fixture may have a circumferential wall comprising 
four bulbous sections separated by thin wall sections, 
[0053] The fixture may comprise at least two of said 
longitudinal bars. 

15 [0054] The fixture may comprise at least one hairpin 
loop between said two longitudinal bars, more preferably 
four longitudinal bars and four hairpin loops. 
[0055] Preferably said fixture is sized for treatment of 
a broken bone of the hand, foot, leg or arm. 

20 [0056] The fixture may be substantially tubular in 
shape after expansion. 

[0057] The fixture may expand to adjust to and rest 
against the inner surface and shape of the bone cavity 
upon said expansion. 

25 [0058] Preferably, the fixture increases in diameter by 
at least 40% when said fixture increases from said re- 
duced diameter to said expanded diameter. The fixture 
preferably comprises at least one sheet of said self-ex- 
panding material, more preferably at least two sheets. 

30 [0059] The fixture preferably comprises a generally cy- 
lindrically rolled spiral structure in said reduced diameter, 
more preferably said spiral structure at least partially un- 
rolls as said fixture expands from said reduced diameter 
to said expanded diameter. 

35 [0060] The fixture may be cylindrical in said expanded 
diameter and comprises a plurality of longitudinal ribs 
and substantially arcuate circumferential struts, said ribs 
being interconnected by said struts. More preferably, the 
fixture comprises a central axis, said struts being bent 

40 inward about a midpoint toward said central axis when 
said fixture is in said reduced, diameter. The fixture may 
also comprise a circumferential wall, said fixture com- 
prising a plurality of openings in said circumferential wall. 
[0061] In a futher, independent aspect, the present in- 

45 vention provides a medical treatment system for treat- 
ment of bones, comprising: 

a bone fixture for insertion through the bore of the 
bone and into the intramedullary cavity, said bone 
50 fixture comprising an inflatable, diameter-expanda- 
ble, non-memory metallic tube having an exterior cir- 
cumferential surface, said tube having a reduced first 
diameter for insertion through the bore and into the 
intramedullary cavity and a second expanded diam- 
55 eter, wherein said bone fixture will radially increase 

in diameter from said reduced first diameter to said 
expanded second diameter by inflation when fluid is 
supplied to the interior of said device, and when said 
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bone fixture radially increases in diameterfrom said 
reduced first diameter to said second expanded di- 
ameter, at least a portion of said exterior circumfer- 
ential surface coming into contact with a portion of 
the side wall of said intramedullary cavity upon said 
bone fixture increasing to said second expanded di- 
ameter. 

a cannula for insertion of said bone fixture into a 
bone, said cannula comprising a lumen, said bone 
fixture being of a sufficiently small size in said re- 
duced diameterthat said bonefixture can be inserted 
into said bone by use of said cannula. 

[0062] Figure 1 9 summarises the classes of methods 
and devices for bone fixation and spacing which are de- 
scribed herein, devices for bone fixation, spacing and 
prostheses may also be referred to, for brevity, as bone 
therapy devices. Likewise, the term prosthesis, implant, 
and fixture are used interchangeably herein. 
[0063] As described below, these devices and their as- 
sociated methods can be divided into 3 general catego- 
ries orgroups: (I) Self Expandable Implants; (II) Implants 
Expandable by External Power; and (III) Solid Phase For- 
mation Devices. Devices can be constructed according 
to the embodiments of each of these groups, and can be 
employed for either intramedullary or intervertebral ap- 
plications. 

Classes of Bone Fixation Devices and Methods 
[0064] 

Group I: Self Expandable Implants. Self expandable 
implants and related methods utilize the energy 
stored within the implant material itself, such that 
when a holding mechanism or restraining force is 
released from the implant, the implant material re- 
verts to its original shape and/or diameter. The ma- 
terial may be restrained in a small diameter, for use 
during implantation, and reverts to a larger diameter 
after implantation, for fixation of the bone. The hold- 
ing mechanism utilized can be incorporated into the 
device or around it, 

Group II: Implants Expandable by External Power. 
Implants which are expandable by external power 
utilize energy which does not exist in the device but 
originates from an outside source, to change the 
shape of the implant. Numerous different forms of 
external power can be utilized in accordance with 
the present invention. At least four alternative types 
of external power are contemplated: 

(1) Heat. Various materials and/or configura- 
tions of material can be used in which the appli- 
cation of external heat to the implant (whether 
from a mechanical source, or body heat itself) 
causes a change in shape of the implant. 



(2) Balloon Expandable Devices. In a second 
series of external power embodiments, an ex- 
pandable balloon is used to change the shape 
of an implant. In these embodiments, the infla- 

5 tion of a balloon causes plastic deformation of 

the implant material, resulting in deformation of 
the device. 

(3) Balloon Devices. In a third series of external 
10 power embodiments, the implant device is itself 

a balloon. This balloon device is inflated using 
hydraulic pressure by the insertion of fluid into 
the balloon's interior, thereby enlarging the de- 
vice's diameter. In these embodiments, the 
15 pressure of the fluid within the sealed balloon 

provides the energy to support the balloon in its 
expanded shape. 

(4) External Force Devices. In a fourth series of 
20 external power examples, a mechanism is uti- 
lized for application of force to the implant. In 
these examples, the system is designed such 
that force is transferred inwards, which acts ec- 
centrically from the implant lumen causing an 

25 increase of the implant diameter. 

Group III. Solid Phase Formation Devices. In these 
devices, a material which solidifies (e.g. by polym- 
erization) is inserted into a balloon, forming a solid 
30 which has a new shape. This material can have two- 

componential cement properties, and can be formed 
of epoxy or polymer. The material is compressed 
into the balloon and solidifies by change in temper- 
ature or humidity. 

35 

[0065] As disclosed herein, each of these types of de- 
vices and methods can be used for intramedullary or in- 
tervertebral treatments. Moreover, while different em- 
bodiments of the present inventions are discussed in sep- 

^o arate sections below, it will be apparent that the disclo- 
sures of each section are meant to supplement each oth- 
er and interrelate. Accordingly, the disclosures of each 
of the examples provided herein may be further relevant 
to and supplement the disclosures of other examples. 

45 [0066] A variety of different bone therapy devices and 
methods are disclosed in further detail below. 

Intramedullary Fixtures 

50 [0067] In the intramedullaryfixture embodiments of the 
present invention, a radially-expandable intramedullar 
fixture is inserted percutaneously into a fractured bone. 
The fixture is inserted through a hole in the bone which 
is smaller in diameterthan the medullar canal. In the pre- 

55 ferred embodiments, the fixture is preferably inserted, 
using a syringe, through the end of a fractured bone and 
into the medulla. During insertion, the fixture is main- 
tained in a closed configuration, i.e. a first, reduced di- 
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ameter. The fixture is inserted so that it extends across 
the site of the fracture in the bone. When the fixture is 
properly placed within the bone, the syringe is withdrawn. 
It is highly preferred that the fixture be placed entirely 
within the bone, with no outward protrusion. 
[0068] Once in place, the fixture expands radially out- 
ward, assuming an open configuration, i.e, a second, ex- 
panded diameter, and anchoring itself in place. Upon ex- 
pansion, the radially expandable device extends through 
the bone, across both sides of the fracture, thus function- 
ing as an intramedullary bone fixator. The expanded fix- 
ture thus holds the pieces of the broken bone together 
and provides reinforcement against both axial and lateral 
forces on the bone. Fixtures as those disclosed herein 
can be provided and sized for long bones, such as the 
femur, tibia, fibula, humerus, ulna and radius orforsmall- 
er bones, such as a phalanx. 

[0069] After the fixture has been inserted, the skin 
wound made, by the syringe is closed and allowed to heal 
over the bone. With the employment of the minimally in- 
vasive percutaneous procedure, which excludes all post- 
implantation communication with a contaminated skin 
surface, the present invention fixates the fractured bone 
rapidly, and allows mobilization of the patient's limb in 
minimal time and with a lower infection risk. Thus, when 
the fixture is used to repair a broken bone in an extremity 
(for example, a phalanx fracture in a finger), the patient 
can begin to move the extremity very shortly after the 
insertion. Such rapid mobilization promotes healing and 
reduces muscle atrophy. The patient regains use of the 
broken bone as quickly as possible. Even more impor- 
tantly, healing proceeds without the need for extensive 
physiotherapy, which is typically required after the pro- 
longed periods of immobilization commonly encountered 
when intramedullar nails known in the prior art are used. 
Furthermore, since there is no fixture left protruding 
through the skin afterthe insertion, post-surgical infection 
and other complications are reduced. 
[0070] In the preferred embodiments, the implant is 
made of bio-compatible metals like titanium, S.S. 316 or 
suitable polymers, Preferably, after insertion, the radial 
expansion of the fixture is such that its diameter substan- 
tially increases. Thus, the diameter can increase by at 
least 20%, by 40%, by 50%, or more if desired. This large 
factor of Expansion is advantageous in that during inser- 
tion, the unexpanded fixture is narrow enough to fit easily 
into the bone medulla. In contrast, the fixture expands 
after placement such that its diameter fills substantially 
all of the intramedullar cavity (i.e., such that the fixture 
extends across substantially all of the width of the bone) 
so that the bone is firmly fixated. 

[0071] Thus, more generally, the initial size of the fix- 
ture maintains a reduced diameter small enough to be 
passed through a needle so as to be inserted into a bone 
through a syringe, and is capable of expanding to an 
expanded diameter large enough to fill substantially all 
of the intramedullary cavity of the bone in question, for 
fixation of the bone. The fixture is preferably substantially 



rod like (i.e. tubular in shape) after expansion. 
[0072] Fixtures in accordance with preferred embodi- 
ments of the present invention generally fixate the bone 
more firmly than K-wires used for this purpose, as de- 
5 scribed in the above-mentioned article by Varela and 
Carr. The fixtures of the present invention require forma- 
tion of only a single hole in the bone for intramedullar 
insertion, rather than multiple holes as is the case with 
K-wires. 

10 [0073] In embodiments of the present invention involv- 
ing the application of external energy, a balloon may be 
Inserted inside the fixture and inflated to expand the fix- 
ture. After the fixture is expanded, the balloon is prefer- 
ably deflated and withdrawn although it can also be left 

15 implanted. 

[0074] In another embodiment of the invention, the in- 
tramedullary bonefixator is made of an inflatable balloon. 
[0075] In other embodiments of the present invention, 
the fixture Itself comprises a balloon, which is inserted 

20 into the intramedullar cavity. 

[0076] This balloon fixture is also preferably inserted 
using a syringe. After the placement of the syringe in the 
Intramedullary space, a sleeve can be inserted therein, 
through which the balloon is inserted. Once the balloon 

25 is positioned and the sleeve and syringe are taken out, 
the balloon is inflated and detached of the inflating device 
which is also taken out. The same procedure can also 
be performed without a sleeve, with or without a guide 
wire. 

30 [0077] Once the balloon is in place, it is inflated to fixate 
the bone. This can be accomplished with a biocompatible 
solidifying fluid under pressure from an external source, 
causing the balloon to expand radially outward to fixate 
the bone. The balloon is then sealed, and the external 

35 fluid source is disconnected. 

[0078] Preferably, the solidifying fluid comprises a 
monomer material that polymerizes within the balloon, 
or alternatively, a two-component cement, such as an 
epoxy. Such solidifying fluid materials are known in the 

^0 art. The fluid's solidification is preferably catalyzed by the 
increased temperature and/or humidity within the bone 
medulla. 

[0079] Alternatively, when a non-solidifying non-com- 
pressible fluid is used, the need should arise, the balloon 

45 can be perforated and removed utilizing the same basic 
technique (albeit in reverse) with which it was inserted. 
[0080] In some of the preferred embodiments, the bal- 
loon can also include an internal structure, for example, 
resilient longitudinal wires. These wires can befabricated 

50 from metal, and can extend lengthwise down the inner 
side of the balloon. While the balloon is deflated, the 
structure holds the balloon in a narrow, elongated, sub- 
stantially closed configuration, so as to ease the insertion 
of the balloon into the bone. Afterthe balloon has been 

55 inserted and inflated, the structure provides additional 
mechanical strength to the fixture, especially against 
shear forces. This gives the balloon the elasticity as well 
as the strength of a bone fixator, once the balloon is in- 
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flated in the intramedullary space. 
[0081] Preferably, after the balloon is inserted into the 
bone, the balloon is filled with non-compressible fluid. In 
the preferred embodiments, the balloon has a valve to 
prevent fluid from escaping (while also allowing fluid to 5 
be released, once desired). Upon filling the balloon with 
fluid, it expands so that it substantially fills the intramed- 
ullar cavity. Preferably, an X-ray image is taken of the 
bone with the balloon inside (preferably while the balloon 
is still in a partially or non-expanded state). The balloon's 10 
internal structure is then observed in the image to ascer- 
tain that the balloon is properly positioned, before fully 
inflating the balloon with the solidifying fluid. In particular, 
the longitudinal wires will show up on the X-ray image so 
that proper positioning can be verified. 15 
[0082] In the preferred embodiments of the invention, 
a metal balloon is utilized which has a unidirectional 
valve, and which is inflated with a high pressure fluid 
(preferably saline). The balloon is contructed having lon- 
gitudinal bars which act as fixational elements, so that 20 
when inflated, the fixational elements or bars are com- 
pressed against the inner surface of the bone cortex, 
preventing rotational movement between the broken 
parts of the bone and preventing bending. This embod- 
iment presents an advantage over standard intramed- 25 
ullar nails as no interlocking is needed due to the fact 
that the longitudinal rods prevent rotation. The nail may 
also have a medial longitudinal canal to facilitate per- 
forming the insertion procedure over a guide wire. During 
removal, the retrieval device is mounted on the tip of the 30 
implanted nail to open the valve, releasing the high pres- 
sure within: the nail and allowing device diameter de- 
crease. 

[0083] Fixtures and methods of bone fixation in accord- 
ance with the embodiments of the present invention de- 35 
scribed herein are advantageous for fixation of fractured 
long bones or short bones. For example, the fixtures of 
the present invention may be used for fixation of the 
bones of the arms, legs, hands or feet. Thus, they may 
be used for fixation of the, phalanges of the fingers or 40 
toes, the femur, the humerus, the metacarpals, the met- 
atarsals, the tibia, the fibula, or so forth. It will be appre- 
ciated that fixtures in accordance with the present inven- 
tion can be easily adapted to the necessary size for the 
broken bone required, by one of ordinary skill in the art. 45 

Brief Description of the Drawings 

[0084] 

50 

Figure 1 is a schematic, isometric view of a self-ex- 
panding intramedullarfixture, in accordance with an 
example useful for understanding the present inven- 
tion. 

Figure 2A is a schematic, sectional illustration show- 55 
ing a self-expanding intramedullar fixture in a first, 
closed configuration, in accordance with an example 
useful for understanding the present invention. 



Figure 2B is a schematic, sectional illustration show- 
ing the fixture of Figure 2A in a second, open con- 
figuration, in accordance with an example useful for 
understanding the present invention. 
Figures 3A-3C are schematic, sectional illustrations 
showing the use of the fixture of Figure 1 in fixation 
of a fractured bone, in accordance with a preferred 
embodiment of the present invention. 
Figure 4A is a schematic, isometric representation 
of anotherself expanding intramedullarfixture, in an 
open configuration, in accordance with an example 
useful for understanding the present invention. 
Figure 4B is a schematic, sectional illustration show- 
ing the fixture of Figure 4A in a closed configuration, 
wherein a holding pin is inserted along a central axis 
of the fixture, in accordance with an example useful 
for understanding the present invention. 
Figure 5A is a schematic, end view of still another 
self-expanding intramedullarfixture in an open con- 
figuration, in accordance with an example useful for 
understanding the present invention. 
Figure 5B is a schematic illustration showing prep- 
aration of material for fabrication of the fixture shown 
in Figure 5A, in accordance with an example useful 
for understanding the present invention. 
Figure 5C is a schematic, sectional view of the fixture 
of Figure 5A, in a closed configuration with an internal 
holding pin, in accordance with an example useful 
for understanding the present invention. 
Figure 6 is a schematic representation of an in- 
tramedullar balloon fixture, in a non- inflated state, 
in accordance with a preferred embodiment of the 
present invention. 

Figures 7A-7D are schematic, sectional illustrations 
showing the use of the fixture of Figure 6 in fixation 
of a fractured bone. The figures illustrate the steps 
of insertion of the fixture, inflation of the balloon and 
removal of the inflation mechanism. 
Figures 8A and 8B are side and sectional views, re- 
spectively, of an inflatable intramedullarfixture, in a 
deflated configuration, in accordance with a pre- 
ferred embodiment of the present invention. 
Figures 9Aand 9B are sectional and isometric views, 
respectively, of an inflatable intramedullarfixture, in 
an inflated configuration, in accordance with a pre- 
ferred embodiment of the present invention. 
Figures 10 (a) - (d) are perspective views showing 
two devices for bone fixation in open and closed po- 
sitions. These devices can be opened by a transfer 
of heat(e.g. if they are constructed from shape mem- 
ory material) or can be opened by use of a balloon, 
in accordance with an embodiment of the present 
invention. Figures 10(a) and(b) are illustrations of a 
first of the device, shown in compressed and expand- 
ed configurations example respectively. Figures 10 
(c) and (d) are illustrations of a second example of 
the device, shown in compressed and expanded 
configurations respectively. 
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Figure 1 1 is a schematic cross sectional illustration 
of a bone fixation device whose height can be me- 
chanically varied, in accordance with an example 
useful for understanding the present invention. It is 
shown in closed (Figure 11a) and open (Figure 11b) 5 
configurations. The device can include hinges at its 
joints or joints that undergo plastic deformation. 
Figure 12 is a schematic isometric view of an ex- 
pandable intervertebral spacer and intramedullar 
bone fixator, in accordance with a preferred embod- 10 
iment of the present invention. The design is shown 
in the figure without a locking finger and with multiple 
surface openings. 

Figure 13A is a schematic cross sectional view of an 
intervertebral bone spacer and intramedullar bone 15 
fixator, in accordance with a preferred embodiment 
of the present invention. 

Figure 13B is a schematic cross sectional view of 
the device of Figure 13A, shown in its compact, re- 
duced diameter state for insertion. 20 
Figure 1 3C is a sectional view of a modified version 
of the device of Figures 13A-B, shown in its expand- 
ed state, with multiple locking mechanisms. 
Figure 14A is a schematic, top view of an interver- 
tebral disc prosthesis. 25 
Figure 14B is a schematic, cross-sectional view of 
the prosthesis shown in Figure 14A. 
Figure 1 5 is a schematic, isometric illustration show- 
ing the insertion of the prosthesis of Figures 14A and 
14B into the intervertebral disc space of a patient. 30 
Figure 1 6 is a schematic, sectional view in a coronal 
plane, showing the placement of the prosthesis of 
Figures 14A and 14B in the disc space. 
Figure 1 7A is a schematic, sectional view in the coro- 
nal plane of Figure 16, showing the inflation of the 35 
prosthesis of Figures 14A and 14B, within the disc 
space. 

Figure 17B is a schematic, sectional view in an axial 
plane through the disc space, illustrating the inflated 
prosthesis as shown in Figure 17A; and 40 
Figures 18A, 18B and 18C are respectively a sec- 
tional view, a top view and an isometric view of a 
disc prosthesis (with a portion of an inflator mecha- 
nism). 

Figure 19 is a chart summarizing the various meth- 45 
ods and devices for bone fixation and intervertebral 
spacing. 

Figure 20 depicts views of additional preferred em- 
bodiments of an intramedullarfixation device. Figure 
20A is a perspective view of this intramedullary fix- 50 
ture. Figure 20B is a cross sectional view of the in- 
tramedullary fixture of Figure 20A. Figure 20C is a 
schematic, partial side view of the intramedullary fix- 
ture of Figures 20A and 20B. 

Figure 21 depicts views of additional preferred em- 55 
bodiments of an intramedullarfixation device having 
a valve. Figure 21A illustrates a longitudinal cross 
section of the device. Figure 21 B illustrates a cross 



sectional view of the device of Figure 21 A, the device 
being shown in the compressed configuration, with 
the view being taken in cross section along line A-A 
of Figure 21 A. Figure 21 C illustrates a cross-section 
of the expanded configuration of the device of Figure 
21 B, also taken along line A-A of Figure 21 A. 
Figure21D is an additional embodimentof the device 
shown in Figures 21A-C. The device is further pro- 
vided with a fixed diameter segment which is located 
in the area of a fracture. 

Figure 22A presents two cross sectional views of 
another embodiment of the intramedullar nail inven- 
tion. Cross sectional views of both the constricted 
and expanded configurations or states are shown in 
the figure, with these constricted and expanded con- 
figurations being superimposed for comparison pur- 
poses. 

Figure 22B presents two cross sectional views of 
another embodiment of the intramedullar nail inven- 
tion. As in Figure 22A, cross sectional views of both 
the constricted and expanded configurations or 
states are shown superimposed for comparison pur- 
poses. 

Figure 23 illustrates the medial longitudinal canal 
which can be provided as an additional embodiment 
of the invention. The canal is provided for location 
of the fixture on a guide wire to facilitate positioning. 
Figure 23A is a perspective view of the fixture, having 
the canal therein, and Figure 23B is a schematic of 
the fixture, showing the canal extending there- 
through. 

Detailed Description of the Invention and the Preferred 
Embodiments 

[0085] Features of the invention are further illustrated 
by reference to the figures, the following description and 
the claims, which provide additional disclosure of the in- 
vention in various preferred embodiments. 
[0086] Figure 1 is a schematic, isometric representa- 
tion of a self-expanding intramedullar fixture 20, in ac- 
cordance with an example useful for understanding the 
present invention. Fixture 20 is preferably constructed of 
two sheets 22 and 24 of resilient, biocompatible material, 
preferably a superelastic material or a shape memory 
material, as is known in the art. Nitinol is preferred. Al- 
ternatively, the fixture may be constructed from another 
biocompatible metal, such as titanium, or a plastic or pol- 
ymer material. 

[0087] Sheets 22 and 24 are initially rolled tightly to- 
gether into a cylindrical form. Each sheet of this com- 
pacted form is tightly rolled (as generally shown in Figure 
2A), and fixture 20 is inserted, in this compacted form, 
into the intramedullar cavity of a bone (Figure 3B), as 
described below. When the fixture is then released inside 
the bone, the resilience of sheets 22 and 24 causes them 
to partially unroll into an expanded state (as generally 
shown in Figure 2B), so that fixture 20 expands radially 
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outward to assume an increased diameter, as shown in 
Figure 1 . 

[0088] Preferably, outer edges 26 and 28 of sheets 22 
and 24, respectively, are formed so that when fixture 20 
is released inside the bone, the edges bend radially out- 5 
ward, as shown in Figure 1. Edges 26 and 28 will then 
engage an inner surface of the bone surrounding the in- 
tramedullar cavity, so as to hold fixture 20 firmly in place 
and prevent sliding or rotation of the bone relative to the 
fixture. Preferably, edge 26 is bent at an acute angle, and 10 
edge 28 is bent at an oblique angle, as shown in the 
figure, so that fixture 20 resists rotation in both clockwise 
and counterclockwise directions about its axis 30. 
[0089] Figures 2Aand2B areschematic, sectional rep- 
resentations of a self-expanding intramedullarfixture 36, 15 
similar to fixture 20, illustrating the principle of radial self- 
expansion of such fixtures, in accordance with an exam- 
ple useful for understanding the present invention. For 
simplicity of illustration, fixture 36 comprises only a single 
sheet 38 of self-expanding material, preferably resilient 20 
material. It will be understood that intramedullar fixtures 
based on the principles of the present invention, as ex- 
emplified by fixtures 20 and 36, may comprise one, two, 
or more sheets of self-expanding material, rolled together 
as shown in Figures 1 , 2A and 2B. 25 
[0090] Figure 2A shows fixture 36 in a first, closed con- 
figuration, in which the fixture is compressed radially in- 
ward to facilitate its insertion into the intramedullar cavity 
of a fractured bone, as described below. For fixation of 
phalanx bones of the fingers, for example, fixture 36 pref- 30 
erably has an outer diameter of only about 2 mm in this 
closed configuration. Figure 2B shows fixture 36 in a sec- 
ond, open configuration, which the fixture assumes after 
location within the cavity to fixate the bone. Preferably, 
the diameter of fixture 36, in the open configuration of 35 
Figure 2B, is at least 50% greater than the diameter in 
the closed configuration of Figure 2A. More preferably, 
the diameter in the open configuration is approximately 
twice the diameter in the closed configuration. In the case 
of phalanx bone fixation, for example, the diameter in the 40 
open configuration is preferably approximately 4 mm. 
The large diameter difference between closed and open 
configurations is advantageous in that it facilitates inser- 
tion of fixture 36 into the bone in the closed configuration 
through a hole of minimal size made at or near the end 45 
of the broken bone. 

[0091] As described above with reference to fixture 20, 
sheet 38 preferably comprises a superelastic material, 
preferably Nitinol, having a thickness of about 0.2 mm. 
The superelasticity of sheet 38 causes fixture 36 to ex- 50 
pand until outer edges 39 of the sheet engage the inner 
bone surface surrounding the intramedullar cavity, to ex- 
ert strong outward radial force on the bone. 
[0092] Sheet 38 may comprise shape memory mate- 
rial, such as Nitinol, which is produced, as is known in 55 
the art, so as to have the open form shown in Figure 2B 
and to be normally in the austenitic state at body tem- 
perature. In the closed configuration shown in Figure 2A, 



however, the force exerted in rolling up sheet 38 prefer- 
ably causes the material to assume a state of stress- 
induced martensite. In this state, the material is relatively 
flexible and elastic, making it easier to insert fixture 36 
into the bone. Once the fixture has expanded inside the 
bone to the open configuration shown in Figure 2B, how- 
ever, the stress on sheet 38 is reduced, and the material 
reverts to its normal, substantially rigid austenitic state. 
The rigidity of the material in this state facilitates firm 
fixation of the bone. 

[0093] Additionally or alternatively, the shape memory 
material may have a critical temperature in the range 
between room temperature and body temperature, pref- 
erably around 30°C. As described above, the shape 
memory material is formed so that in its austenitic state 
(i.e. above the critical temperature), it has substantially 
the open, expanded form shown in Figure 2B. Below the 
critical temperature, i.e. before insertion or fixture 36 into 
the bone, the shape memory material is in a martensitic 
state, in which it is relatively flexible and elastic and is 
compressed into the closed configuration shown in Fig- 
ure 2A. When the fixture is inserted into the bone, it is 
warmed (e.g. by body heat) to above the critical temper- 
ature, whereupon it opens and assumes its substantially 
rigid, austenitic state. A heating element may be brought 
into contact with the fixture once it is inside the bone, for 
example, as illustrated in Figure 3B and described below, 
to hasten its expansion and state change. 
[0094] Figures 3A-3C are schematic, sectional illustra- 
tions showing the insertion of a fixture 20 into intramed- 
ullar cavity 40 of a fractured bone 42, in accordance with 
a preferred embodiment of the present invention. Al- 
though described with reference to a phalanx bone, it will 
be appreciated that devices in accordance with the prin- 
ciples of the present invention may be applied in the fix- 
ation of other long bones (e.g. the humerus), with appro- 
priate adaptations forthe differences in size and mechan- 
ical strength required of the bones, as will be apparent 
to one of ordinary skill in the art. 

[0095] As shown in Figure 3A, a stylette 46 is inserted 
into a lumen 47 within a cannula 48. For fixation of pha- 
lanx bones, cannula 48 preferably comprises a syringe 
needle. Stylette 46 and cannula 48 are then introduced 
percutaneously into intramedullar cavity 40 through an 
opening 45 at the end of bone 42, and past a fracture 
site 44 in the bone. 

[0096] Alternatively, a small incision may be made 
through the skin and soft tissues, to visualize the bone, 
and a hole may be drilled in the bone for insertion of the 
cannula therethrough. Drilling such a hole is the prefer- 
able method for inserting fixtures, in accordance with 
some preferred embodiments of the present invention, 
particularly for larger bones, such as the humerus. Drill- 
ing the hole before inserting the fixture also makes it eas- 
ier to remove the fixture, if desired, after the bone has 
healed. 

[0097] As shown in Fig,3B, once cannula 48 is properly 
in place, stylette 46 is withdrawn, and fixture 20, in its 
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compressed, closed configuration, is passed into lumen 
47 of the cannula. Preferably, a plunger 43 is used to 
push the fixture into the needle and hold it in place. Can- 
nula 48 is then fully withdrawn, leaving fixture 20 in cavity 
40, with the fixture extending across fracture site 44. 5 
[0098] Fixture 20 then expands or is expanded to sub- 
stantially fill cavity 40, as shown in Figure 3C. As dis- 
closed below, the fixture is expanded using external force 
or energy. 

[0099] The self-expansion of the fixture forces curved 10 
edges 26 and 28 of sheets 22 and 24 (or 39 of fixture 36) 
radially outward against inner surface 49 of bone 42 
across both sides of fracture site 44. This force anchors 
the fixture in place and prevents relative motion of the 
sections of the fractured bone. In some examples useful 15 
for understanding the present invention, wherein sheets 
22 and 24 comprise shape memory material as described 
above, plunger 43 may optionally comprise a heating el- 
ement for heating fixture 20 to above the critical temper- 
ature. 20 
[0100] After fixture 20 is positioned and anchored firm- 
ly in place, plunger 43 is withdrawn through opening 45, 
and the skin wound made by or for cannula 48 is allowed 
to close. Within a short time after completion of the pro- 
cedure illustrated in the figures, the subject is able to 25 
mobilize fractured bone 42. The mechanical strength of 
fixture 20 also reinforces the bone against axial and lat- 
eral forces that may be exerted on the bone. Moreover, 
the risk of post-operative infection is minimized since no 
surgical devices or appliances are left protruding through 30 
the skin, in contrast to the expandable intramedullar fix- 
tures known in the art. If desired, the device can be cov- 
ered with a sheath so as to prevent bone ingrowth and 
facilitate subsequent device removal. 

[0101] Figure 4A is a schematic, isometric view of an- 35 
other self-expanding intramedullar fixture 50, in accord- 
ance with another example useful for understanding the 
present invention. Fixture 50 comprises a plurality of lon- 
gitudinal ribs 52, connected by a plurality of circumfer- 
ential struts 54. Ribs 52 and struts 54 preferably comprise 40 
resilient material, preferably superelastic material, or al- 
ternatively, shape memory material as described above. 
Figure 4A shows fixture 50 in a substantially open con- 
figuration, which the fixture assumes when it is located 
inside the bone and allowed to expand. 45 
[0102] Figure 4B is a schematic, sectional illustration, 
showing fixture 50 in a closed or constricted configuration 
for insertion of the fixture into the bone. To compress the 
fixture into this closed configuration, a long, cylindrical 
holding pin 56 (seen in sectional view in Figure 4B) is 50 
inserted gradually along central axis 30 of the fixture. As 
pin 56 is inserted, each circumferential strut 54 is, in turn, 
bent inward across axis 30. Pin 56 passes through and 
"captures" or locks the struts in place as they are bent, 
thus preventing the struts from snapping back to their 55 
outward circumferential position. As struts 54 are bent 
inward and captured by pin 56, ribs 52 are drawn inward 
as well, as shown in Figure 4B. By passing pin 56 along 
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the entire length of axis 30 through fixture 50, the fixture 
is brought into the closed configuration, wherein its outer 
diameter is substantially reduced. Preferably the diame- 
ter or dimension of the fixture in the closed configuration 
of Figure 4B is reduced to no more than half the diameter 
in the open configuration shown in Figure 4A. 
[0103] Once fixture 50 has been inserted into the in- 
tramedullar cavity of a bone (for example, cavity 40 of 
bone 42, as illustrated in Figures 3A-3C), pin 56 is re- 
moved. Upon removal of the pin, struts 54 spring back 
to their original, circumferential positions, and the fixture 
resumes the open configuration shown in Figure 4A. 
[0104] As described above, fixture 50 may, if desired, 
be made of shape memory material, which in its normal, 
austenitic state maintains the open configuration with 
substantial rigidity. As struts 54 are beat, they assume a 
state of stress-induced martensite, returning to the auste- 
nitic state when the stress is removed as pin 56 is re- 
moved. As discussed above, if desired, this device can 
be covered with a sheath or sleeve (such as an expand- 
able flexible polymer) to prevent bone ingrowth. 
[0105] As a further example useful for understanding 
the present invention to those described above, another 
self expandable bone fixator is shown in Figure 5. The 
preferred material for this device is Nitinol, although the 
device can also be made from a polymer, stress-induced 
martensite (SIM), smooth tin, or othersuitable materials. 
[0106] In accordance with an example useful for un- 
derstanding the present invention, Figure 5A is a sche- 
matic, end view of this self-expanding intramedullar fix- 
ture 60 in an open configuration. Fixture 60 is preferably 
formed of resilient material, more preferably superelastic 
material, as described above. The fixture comprises a 
plurality of leaves 62, 66, 68, 70, 72, 74, 76 and 78, ex- 
tending radially outward in a spiral pattern about axis 30 
of the fixture, the leaves extending from a central, gen- 
erally tubular portion 63. As shown in the figure, each of 
the leaves extends outward at a different angle about 
axis 30 (as measured off of a single reference line, not 
shown, extending from the axis to a point located at 0 
(zero) degrees on the circumference). In the expanded 
configuration of Figure 5A, the leaves engage the inner 
surface of the intramedullar cavity of a fractured bone 
(for example, surface 49 of cavity 40, as shown in Figures 
3A-3C), in order to hold fixture 60 in place and fixate the 
bone. Each of the leaves has a base 67, which forms a 
part of tubular portion 63 of the fixture, and an inward- 
curved end portion 64. 

[0107] Figure 5B is a schematic illustration showing a 
flat sheet of resilient material 65, which is cut in prepa- 
ration for fabrication of fixture 60, in accordance with a 
preferred embodiment of the present invention. Leaves 
62, 66, 68, 70, 72, 74, 76 and 78 are cut out of sheet 65 
in a stairstep pattern, i.e. each leaf presents a step-like 
extension, as shown in the figure. The leaves are then 
rolled up, one after the other. The leaves are rolled about 
axis 30, in the direction indicated by arrow 79, so that in 
the closed configuration shown in Figure 5C, the leaves 
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will expand to the shape shown in Figure 5A. 
[0108] Figure 5C is a schematic, sectional illustration 
showing fixture 60 in the closed configuration, in prepa- 
ration for insertion of the fixture into the intramedullar 
cavity. Holding pin 56, as described above with reference 5 
to Figure 4B, is inserted along axis 30 of fixture 60. 
Curved end portions 64 of leaves 62, 66, 68, 70, 72, 74, 
76 and 78 are bent inward and hooked around pin 56. 
Fixture 60 remains in this closed configuration as long 
as pin 56 is in place. In the closed configuration, the de- 10 
vice maintains a smaller external diameter than the open 
configuration, to facilitate insertion of the device into the 
bone. After insertion of the fixture in the intramedullar 
cavity, pin 56 is withdrawn, and the resilience of the 
leaves causes them to spring outward, so that fixture 60 15 
resumes the open, larger diameter, configuration shown 
in Figure 5A. In this larger diameter, bone fixation and 
support is provided as previously described above. 
[01 09] The device, as with the other devices in the ap- 
plication, can also expand by heating, taking advantage 20 
of the material's shape memory properties. As with the 
other embodiments of the invention disclosed herein, it 
can be used in treatment of examples and both intramed- 
ullary and intravertebral support. 

[0110] Figure 6 is a schematic illustration of another 25 
expandable intramedullar fixture 80, comprising a bal- 
loon 82, shown here in a deflated state, in accordance 
with an alternative preferred embodiment of the present 
invention. Balloon 82 can be formed of a flexible, bio- 
compatible plastic, for example, a sleeve of Dacron fab- 30 
ric, as is known in the art, sealed shut at a distal end 
thereof. Fixture 80 includes strong, resilient longitudinal 
wires 84, made of biocompatible material, stainless steel, 
for strengthening balloon 82. Wires 84 may preferably 
be woven into the Dacron fabric of balloon 82, for exam- 35 
pie. Balloon 82 is connected via an inlet port 86 to an 
inflation tube 88. 

[01 1 1] Balloon 82 can also be constructed from metal 
having one extremity sealed shut, the other extremity be- 
ing provided with a valve. In a metallic embodiment, bal- 40 
loon 82 can likewise have longitudinal wires or bars, as 
discussed above. In such an embodiment, the balloon 
can have a thin metal wall between the longitudinal wires 
or bars, this thin metal preferably being bent inwardly so 
as to reduce the balloon profile and diameter during in- 45 
sertion. 

[0112] Figures 7A TD are schematic, sectional illustra- 
tions showing the use of balloon fixture 80 in fixating frac- 
tured bone 42. As described above with respect to Fig- 
ures 3A - 3C, in the preferred embodiments, a hole 45 is 50 
first made in the end of fractured bone 42 to provide ac- 
cess to the bone's medulla. As shown in Figure 7A, fixture 
80 is then inserted through hole 45 into intramedullar 
cavity 40 using cannula 48. Although a thin hollowed out 
space can be created within the medulla prior to insertion 55 
of the fixture, in the preferred embodiment, insertion of 
the fixture 80 using cannula 48 itself creates the intermed- 
ullary space. 



[0113] Preferably, inflation tube 88 is used in place of 
plunger 43 (shown in Figure 3B) to push fixture 80 
through the cannula 48 and position the fixture 80 within 
cavity 40. It is preferred that the fixture be provided with 
a medial longitudinal canal so as to allow insertion of the 
inflatable rod over a guide wire. Longitudinal wires 84 
help to hold balloon 82 in a narrow, elongated profle, so 
as to ease the insertion of the balloon into cavity 40. After 
canula 48 is withdrawn from the bone, fixture 80 is left 
extending through a substantial portion of cavity 40, 
across both sides of fracture site 44, as shown in Figure 
7B. 

[0114] Inflation with the non-compressible fluid is pref- 
erably accomplished with an inflator having a pressure 
gauge. The pressure gauge is monitored during the in- 
flation of the fixture. When the pressure begins to rise in 
slope, it indicates thatgood alignment has been achieved 
of the rod within the bone's inner surface. Later, to re- 
move the device, a hub for fixture retrieval is inserted 
over the proximal part of the fixture where the valve is 
positioned. This hub can be used to open the valve, al- 
lowing fluid to be removed so that reduction of fixture 
diameter can be achieved to facilitate removal. 
[0115] As illustrated in Figure 7C, after fixture 80 is 
inserted in cavity 40, balloon 82 is inflated via tube 88. 
Preferably, the balloon is first inflated with water (e.g. 
saline), whereupon the fixture expands to fill substantially 
the entire width of cavity 40. At this stage, an X-ray image 
of bone 42 can be produced. In the image, wires 84 and 
the bone are both visible, so that proper positioning of 
the fixture 80 can be verified. 

[0116] Balloon 82 is then emptied of the saline and 
filled with a biocompatible, solidifying fluid which fills the 
balloon 82 so as to fixate the bone. Preferably, the so- 
lidifying fluid comprises a monomer material that polym- 
erizes within the balloon, or alternatively, a two compo- 
nent cement, such as an epoxy. The fluid's solidification 
is preferably catalyzed by the increased temperature 
and/or humidity within the bone medulla. 
[0117] As shown in Figure 7D, after balloon 82 has 
been filled and the fluid has at least partly solidified, inlet 
port 86 is sealed shut, and tube 88 is withdrawn. Within 
a short time, the solidified fluid fully hardens, anchoring 
fixture 80 in place and fixating bone 42. Wires 84 provide 
additional mechanical strength to fixture 80, particularly 
improving the fixture's resistance to lateral, bending and 
shear forces. In a further embodiment, a sheath or cup 
can be located over the valve, after insertion, to prevent 
bone ingrowth within or into the valve. 
[0118] As in the other preferred embodiments de- 
scribed above, the skin wound made for insertion of fix- 
ture 80 into bone 42 is closed and allowed to heal. Bone 
42 may then be mobilized within a very short time after 
the bone fixation surgery. 

[0119] If desired, after bone 42 has healed, fixture 80 
may be removed through hole 45 or via an osteotomy 
elsewhere in bone 42. Preferably, at least a portion of 
the solidified fluid is drilled out or broken up, and the 
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fixture is then collapsed and removed. (If, in an alternate 
embodiment, liquid or gel is used, they are merely suc- 
tioned or pumped out, for collapse and removal of the 
fixture. Alternatively, in those embodiments using a 
valve, the valve can merely be opened so that when the 
rod is pulled out of the bone through a narrow canal, the 
rod will be caused to reduce in diameter.) 
[0120] Further preferred embodiments are shown in 
Figures 8-1 1 . Figures 8 and 9 illustrate embodiments in 
which the balloon is designed so that only a portion is 
inflated with fluid. As shown in the figures, the shaded 
sections represent the fluid filled areas of the balloon. 
[0121] As an alternative to a folded construction, the 
expandable bone fixation device can be formed based 
on a lattice configuration. Representative embodiments 
are shown in Figure 1 0, which illustrates a series of per- 
spective views of two embodiments of the configuration 
in both the small, constricted, diameter and the large, 
expanded, diameter. These embodiments can be insert- 
ed into the bone taking advantage of the self-expanding 
principle inherent to superelasticorshape memory alloys 
discussed above. 

[0122] In the examples useful for understanding the 
present invention of Figure 10, the devices are each 
formed in a meshwork or lattice configuration. Figures 
10(a) and 10(b) provide an illustration of a first example 
of this lattice configuration, while Figures 10(c) and 10 
(d) provide an illustration of a second example. As shown 
in Figures 10(a) and 10(c), a first, small profile state is 
illustrated for each of the devices in which the devices 
are compressed into small diameters d. This reduced 
diameter facilitates ease of insertion into the bone. Fig- 
ures 10(b) and 10(d) showthe respective first and second 
examples, each with increased diameters d' after expan- 
sion. After insertion into bone, the properties of the su- 
perelastic or shape memory material cause the device 
to expand outward into these expanded diameters. 
[0123] Although of similar construction, these first and 
second examples differ in the design of their respective 
lattices. The first example (Figures 10A and 10B) is 
contructed as a lattice which is initially in a configuration 
that is substantially diamond shaped, and which expands 
outward into a series of expanded diamonds or squares. 
The second example is constructed as a reduced-size 
lattice having a series of rectangular shaped subunits, 
which expand outward to form a series of interconnected 
hexagons (six- sided polygons), like a honeycomb. 
[0124] In addition to the examples shown, other mesh- 
works or lattices may also be provided. Likewise, al- 
though the embodiments shown are preferably for use 
in self-expanding designs in accordance with examples 
useful for understanding the present invention, they can 
be constructed out of other materials to serve as expand- 
able devices. Such expandable devices, as disclosed be- 
low, will expand from the reduced to the expanded diam- 
eter state upon application of suitable energy or force in 
accordance with embodiments of the present invention. 
[0125] Figure 11 illustrates a further example useful 



for understanding the present invention. The fixator is 
constructed as a round or square device which can be 
set to two heights, H1 and H2. Rigid rods or bars 85 are 
hinged at points 83. By applying external force 81 on the 

5 hinge 83, the height of the device can be changed, there- 
by providing its expansion and fixation properties at its 
new height, H2 (compare Figure 1 1 B to Figure 1 1 A). 
[0126] Although examples and embodiments are de- 
scribed herein with reference to fixation of fractured pha- 

10 lanx and humerus bones, Intramedullar fixtures in ac- 
cordance with the principles of the present invention may 
be produced and used in fixating substantially any of the 
body's long bones. Such fixtures may be used, for ex- 
ample, both in small bones of the hands and feet, such 

15 as the metacarpal and metatarsal bones, and in large 
bones, such as the femur. 

[0127] The fixtures and minimally-invasive methods of 
bone fixation in accordance with the present invention, 
appropriately adapted for the anatomical features of the 

20 bone being fixated, have the advantages of minimizing 
operative trauma and damage to soft tissues. Further- 
more, because no parts of the fixtures are left protruding 
through the skin, the risks of infection are reduced, and 
the patient is able to mobilize the broken bone more 

25 quickly than the prior art. 

Treatment of Intervertebral Pathologies By Spinal Fu- 
sion 

30 [0128] The principles set forth above may further be 
used to treat problems of the spine and vertebrae, such 
as in spinal fusion procedures. In accordance with ex- 
amples useful for understanding the present invention, 
in order to achieve spine fusion, we optimally use three 
35 procedures: 

1. A surgical tool is used to thoroughly extract the 
vertebral periosteum in the intervertebral space with 
the nucleus material. This enhances bone growth 

^0 (osteosynthesis). 

2. The intervertebral hollow and an intercommuni- 
cating spacer (shown e.g. in Figure 12-13) enable 
bone graft interpositioning in its lumen which, togeth- 
erwith its porous design, enables bone tissue to grow 

45 through it and enhances bone synthesis and verte- 
bral fusion. 

3. The intervertebral spacer of the elastic type, such 
as a Nitinol spacer, has flexible compressive char- 
acteristics so as to enable weight bearing on the in- 

50 terpositioned bone and to enable bone synthesis. 

One material which can be used is a nitinol, sponge 
type material (i.e. a porous nitinol). 

[0129] As the first step in the procedure, a syringe is 
55 inserted into the damaged disc area, with or without a 
stylet. Preferably, a surgical tool is then used to "nibble" 
at or erode soft tissue only, including the vertebral peri- 
osteum; without damaging the bone itself. 
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[0130] Once the tissue extraction has been completed, 
it is possible to insert the expandable intervertebral spac- 
eroranotherexpandable spacer percutaneously through 
the hollow syringe, as with the embodiments of the in- 
tramedullary fixation device disclosed above. The func- 5 
tion of this spacer is to stabilize the vertebrae and to 
enhance bone growth up to bone fusion between the two 
vertebrae adjacent to the intervertebral spacer. 
[0131] As shown in Figures 12 and 13, examples of 
the intervertebral bone spacer 125 or 130 are illustrated 10 
(although the device can be used for intramedullary fix- 
ation as well). The intervertebral spacer 125 or 130 is 
initially inserted through the syringe in the compressed, 
reduced diameter form illustrated in Figure 13B. This 
spacer, like the intramedullary fixation device, is initially 15 
maintained in a reduced diameter profile for insertion into 
the intervertebral space. This ability to percutaneously 
insert the spacer, due to the reduced diameter profile of 
the spacer, allows major surgery to be avoided, as dis- 
closed above, and reduces the trauma and risk of infec- 20 
tion to the patient. 

[0132] Upon insertion of the intervertebral spacer 125 
or 130 into the intervertebral space, the spacer uncoils 
to reach the expanded state shown in Figure 13C, by 
virtue of its expandable properties. As with the embodi- 25 
ments of the inventions disclosed above, the spacer 125 
or 1 30 is preferably made of biocompatible metal or pol- 
ymer and is initially inserted through the syringe in the 
compressed, reduced diameterform illustrated in Figure 
1 3B. The spacer can also be made of materials such as 30 
annealed 31 6-L stainless steel, shape memory alloy (e.g. 
Nitinol), or a polymer such as polyurethane. In the event 
that annealed material is used, the spacer 125 or 130 
will require the assistance of an expander to expand its 
diameter after insertion. This expander can be a balloon 35 
in accordance with an embodiment of the present inven- 
tion inserted through the syringe which is inflated to dilate 
the spacer to the diameter of the intervertebral space. 
[0133] As can be seen with reference to Figures 12 or 
13C, the spacer 125 or 130 is provided with a series of 40 
pores or gaps 120 in its surface. These pores 120 (which 
are circular, rectangular, or any other shape) enhance 
vertebral stability by allowing bone growth through the 
pores, and eventually direct fusion between adjacent ver- 
tebrae, while the spacer is in place. Protrusions or spikes 45 
1 53 can also be provided, which penetrate the bone sur- 
face and assist with fixation and stabilization of the spac- 
er. 

[0134] As further shown in Figures 1 3A and 13C, spac- 
er 1 30 is provided with a locking mechanism such as one 50 
or more locking fingers 115 or teeth 119. This locking 
mechanism further maintains the expanded diameter of 
the intervertebral spacer 130 and retards or prevents 
compression of the spacer 130 back to its reduced diam- 
eter state. Figure 1 3A illustrates the use of one or more 55 
locking fingers 115 in spacer 130. When spacer 130 ex- 
pands, leading edge 122 of the spacer travels past and 
over locking fingers 1 15 orteeth 119. Locking fingers 115 



or teeth 119 resist retrograde movement of the leading 
edge 122 or contraction of the spacer 130 by trapping 
the leading edge 122 within the "V" shaped gap of the 
locking finger 1 1 5, or the groove of one of the teeth 119. 
As a result, in response to the application of force to spac- 
er 130 while it rests between the vertebrae, the spacer 
exhibits flexible compressive characteristics yet resists 
undue compression, due to the counteraction provided 
by the locking mechanism. 

[0135] Accordingly, the combination of the thorough 
cleaning of the bone surface, the special spacer porous 
design with its flexible compressive characteristics, and 
the implanted bone graft, enables and enhances bone 
fusion in the intervertebral space and stabilization of ver- 
tebrae up to the point of bone fusion. 

intervertebral Disc Prosthesis 

[0136] Reference is now made to Figures 14A and 
14B, which are schematic illustrations showing an exem- 
plary balloon prosthesis 140, for insertion in the interver- 
tebral disc space of a patient. Figure 14A is a top view 
of the prosthesis, whereas Figure 1 4B is a sectional view, 
in which the balloon is shown in an inflated state, as de- 
scribed below. 

[0137] Balloon prosthesis 140 comprises two circular 
pieces of biocompatible fabric 142, preferably having a 
diameter approximately equal to the diameter of an in- 
tervertebral disc. Fabric 142 is preferably woven out of 
strong, inert, synthetic fibers, such as Dacron, Gore-Tax 
or other fiber materials known in the art. Alternatively or 
additionally, the fabric may comprise bioabsorbable ma- 
terial, known in the art, either by itself or, preferably, in- 
terwoven with the inert fibers. The fabric preferably has 
a rough weave, so that after implantation of prosthesis 
140, as described below, bone ingrowth into the prosthe- 
sis is enhanced. 

[0138] Further alternatively, the two pieces of fabric 
142 may be replaced by any suitable biocompatible ma- 
terial, as long as it is flexible, elastic and strong enough 
to be inserted into the disc space and inflated to a suffi- 
cient pressure, as described below, 
[0139] It is preferred that ground bone substance (tak- 
en, for example, from the patient's pelvic bone) be placed 
on the outer surface of fabric 142, before and/or after 
implanting prosthesis 1 40. Moreover, a substantial quan- 
tity of the bone substance may preferably be contained 
in the hollow at center 146 of the balloon. The ground 
substance furtherenhancesthe desired bone growth and 
fixation to bone. 

[0140] It is also preferred that the balloon further be 
provided with protrusions 153 in its upper and lower sur- 
faces so as to stick and/or penetrate up and down into 
the bone surface. These protrusions prevent balloon 
movementand achieve betterstabilization of the balloon. 
[0141] Although preferred embodiments are described 
herein with reference to the generally toroidal balloon 
shown in Figures 14A and 14B, it will be appreciated that 
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the principles may be applied to produce and implant 
balloon prosthesis of different sizes and/or shapes, such 
as ellipsoidal and crescent-shaped balloons, or two par- 
allel, cylindrical, rods. 

[0142] Fabric pieces 142 are sealed to one another 
around their outer edge 144 and at their circular center 
146. As one example, heat sealing can be used, a tech- 
nique which is known in the art. One or more strong, 
resilient wires 152, preferably stainless steel wires, are 
interwoven with fabric 142 to reinforce the structure of 
balloon 140. Wires 152 are shown in Figures 14A and 
14B atouteredge 144 ofthe balloon, where the presence 
of the wires is helpful in preventing rupture ofthe balloon 
along the seam between pieces 142. The wires are also 
useful in stiffening the balloon, to make it easier to ma- 
nipulate and position within the disc space, as described 
below. Alternatively or additionally, such wires may be 
interwoven at other locations in fabric pieces 142. They 
can also be useful in positively locating the wire when 
used in conjunction with X-ray imaging. 
[0143] Afluid port 148 is left open at a point along edge 
1 44. An inflation tube 1 58 is fitted and sealed to port 1 48. 
When a pressurized fluid is injected through tube 158 
into port 148, the fluid fills and inflates space 150 within 
balloon 140 to a predetermined fluid pressure. 
[0144] Figure 15 is a schematic, isometric view illus- 
trating the implantation of prosthesis 140 into a disc 
space 162 intermediate two vertebrae 164 and 166, in 
accordance with a preferred embodiment ofthe present 
invention. Prosthesis 140 is implanted in disc space 162 
to replace an injured natural disc, e.g., a disc that has 
been herniated. In preparation for implantation of the 
prosthesis, a cannula 1 60 is inserted percutaneously into 
disc space 1 62, in a lateral approach. Substantially all of 
the natural disc matter is removed from the disc space 
prior to implantation ofthe prosthesis. 
[0145] In order to insert prosthesis 140 into cannula 
1 60, the prosthesis is rolled into a narrow, elongate, gen- 
erally cylindrical form, as shown in Figure 15. The pros- 
thesis is fed in this shape through the cannula and into 
now eroded out disc space 1 62. Preferably, inflation tube 
1 58 is stiff enough so that it can serve to push the pros- 
thesis through the cannula. Otherwise, other surgical 
probes known in the art may be used for this purpose. 
[0146] It will be appreciated that the unique reduced 
diameter structure and flexibility of prosthesis 140, in ac- 
cordance with the principles of the present invention, 
make it possible to implant the prosthesis through narrow 
cannula 40. Disc prostheses known in the art cannot be 
compacted in this manner nor can they be subsequently 
opened and inflated within disc space 162, as described 
below. Thus, prosthesis 140 can be implanted percuta- 
neously, without the need for substantial skin incisions, 
laminectomy or dissection of large masses of muscle. 
[0147] Figure 1 6 is a schematic, sectional view show- 
ing vertebrae 164 and 166, seen along a coronal plane 
therethrough, with prosthesis 140 positioned in disc 
space 162 between the vertebrae. Once prosthesis 140 



has been fed all the way through cannula 40 and into the 
disc space, the prosthesis unrolls in the open space, as- 
suming a generally flat shape (as shown in the figure), 
until it is inflated. The resilience of wires 152 aids the 
5 balloon fabric in unrolling. It also stiffens the fabric to 
make it easier to center the prosthesis in the disc space, 
preferably by pushing and pulling it using tube 158 
through cannula 160. 

[0148] Correct placement of prosthesis 140 in disc 
10 space 162 is preferably verified by visualization of the 
vertebrae, disc space and prosthesis, most preferably 
using an open magnetic resonance imaging (MRI) sys- 
tem. Alternatively, X-ray imaging may be used to observe 
the position of wires 152 relative to vertebrae 164 and 
15 1 66. Further alternatively or additionally, a narrow endo- 
scope, as is known in the art, may be inserted into or 
adjacent to disk space 1 62 to visually observe the pros- 
thesis. 

[0149] After insertion of prosthesis 140 as shown in 

20 Figure 16, the prosthesis is inflated with saline, so that it 
assumes the form shown in Figure 14B. Inflating the pros- 
thesis allows it to be visualized in substantially the shape 
and position that it will have when filled with solidifying 
fluid, as described below. If the prosthesis is seen to be 

25 incorrectly positioned, it can easily be deflated, reposi- 
tioned and then reinflated. After correct positioning is ver- 
ified, the saline is removed and the prosthesis deflates. 
[0150] Once prosthesis 140 is suitably positioned in 
disc space 1 62, a biocompatible solidifying fluid is inject- 

30 ed through tube 158 and port 148, to inflate the prosthe- 
sis. Preferably, the solidifying fluid comprises a bone 
epoxy, known in the art, such as DuPuy Orthopedic Bone 
Cement, produced by the DuPuy Company, England. Al- 
ternatively, the solidifying fluid may comprise a polymer- 

35 jzing monomer. 

[0151] Prosthesis 140 is inflated to such pressure as 
is necessary to maintain an anatomically correct spacing 
between vertebrae 1 64 and 1 66. Because ofthe elasticity 
of fabric pieces 142 that form the balloon and the equal- 

^0 ization ofthe pressure of the fluid throughout space 150 
(as seen in Figure 14), the balloon will tend naturally to 
maintain a generally uniform pressure on the surfaces of 
vertebrae 1 64 and 1 66 that adjoin disc space 1 62 and to 
hold the vertebrae in an anatomically correct mutual ori- 

45 entation. Preferably, vertebrae 164 and 166, along with 
prosthesis 140 and surrounding structures, are imaged, 
most preferably using MRI, as described above, to verify 
that the spacing and orientation ofthe vertebrae are cor- 
rect. 

50 [0152] When the fluid has solidified sufficiently, port 
148 is sealed and tube 158 is removed, preferably by 
twisting and pulling tube 158 back through cannula 160. 
[0153] Figures 17A and 17B are coronal and axial sec- 
tional views, respectively, showing prosthesis 140 insert- 

55 ed and inflated within disc space 1 62. The prosthesis has 
been inflated with solidifying fluid 170, and tube 158 has 
been detached and removed, as described above. Ver- 
tebrae 1 64 and 1 66 remain substantially intact, including 
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lamina 172, thereof. 

[0154] Following the implantation of prosthesis 140, 
as shown in Figures 17A and 17B, vertebrae 164 and 
166 will grow into disc space 162, around and through 
the prosthesis. Preferably, as described above, ground 5 
bone is placed on the outer surfaces of prosthesis 140, 
and particularly in the hollow at center 146 thereof, in 
order to aid this bone growth. Ultimately, the growth of 
vertebrae 1 64 and 1 66 will cause them to fuse together, 
so that the bones are permanently stabilized and protect- 10 
ed from any further injury. 

[0155] Although in the exemplary embodiments de- 
scribed above with reference to Figures 14-17, a single 
prosthesis, comparable in size to the natural interverte- 
bral disc, is implanted in disc space 162, in other exem- 15 
plary embodiments, two or more smaller prostheses may 
be implanted side-by-side in the disc space. 
[0156] Furthermore, although in the above-described 
exemplary embodiment, prosthesis 140 is implanted per- 
cutaneously in a lateral approach, it will be appreciated 20 
that inflatable disc prostheses may also be implanted us- 
ing other surgical techniques known in the art, such as 
open and laparoscopic surgical procedures with an an- 
terior or posterior approach. 

[0157] The exemplary embodiments of Figures 18A- 25 
18C present flat annular top and bottom walls, like a 
washer, in contrast to the donut (toroidal) shape shown 
in Figures 14-17. Further preferred embodiments are al- 
so described below in the following section regarding 
metal balloons for intramedullar fixation and disc pros- 30 
theses. 

Metal Balloons for Intramedullar Fixation and Disc Pros- 
thesis 

35 

[0158] As described above, in accordance with the 
present inventions, a small opening is madefrom outside 
a bone to accommodate insertion of a device percutane- 
ously into the bone (whether it be long or small bone); 
or, to replace a disc, a hole is made in the intervertebral 40 
space. In some of the preferred embodiments of the in- 
vention, the device includes a metallic balloon. 
[0159] In the preferred embodiments, the balloon is 
made from thin metal such as Titanium, Tantalum, Stain- 
less Steel (e.g. S.S. 31 6L), Platinum, another medical 45 
grade metal, or so forth. The balloon is preferably con- 
structed with a balloon wall thickness between 10 and 
300 microns, although wall thicknesses which are greater 
or less than these dimensions are possible, as well. 
[0160] The balloon can be constructed with several 50 
metal strings or rods to provide the balloon with greater 
strength against axial, bending and rotational forces, and 
to provide the balloon with greater rigidity that eases its 
manipulation and insertion into the patient. The rods can 
be connected to the exterior or interior surface of the 55 
balloon (e.g. by soldering, milling or as a part of the bal- 
loon). For example, to produce the the metal balloon and 
the rods they could all be annealed or could all be cold 



worked. Alternatively, the rods could be cold worked, 
while the balloon itself is annealed to allow easier expan- 
sion after insertion within the bone. This can be done by 
producing a one piece cold worked rod and annealing 
afterwards only the thin wall part of the metal balloon. 
The balloon extremities can be manufactured by solder- 
ing, spot welding, laser welding or any other suitable way 
of connecting the metal cone to each extremity of the 
device. 

[0161] The outer surface of the balloon may be abra- 
sive or roughened with protruding edges engaging the 
bone surface to anchor the fixture firmly in place and 
prevent sliding or rotation of the parts of the broken bone 
in the intramedullar embodiments, or, likewise provide 
non-movement in the intervertebral embodiments. This 
system has the advantage of not requiring or using inter- 
locking screws in intramedullar nailing. 
[0162] Additionally, or alternatively, the balloon can 
comprise a biocompatible polymer. Additionally or alter- 
natively, the balloon can comprise an outer thin surface 
of metal as described above and an inner surface of bio- 
compatible plastic, polymer or fabric. 
[0163] Once the balloon has been inserted into its 
proper place within the bone or adjacent to the vertebrae, 
it is then inflated with a biocompatible material. In the 
preferred embodiments, a liquid is used as the inflation 
fluid in intramedullary fixation, and a biocompatible so- 
lidifying fluid is used as a disc prosthesis. As liquids for 
intramedullary fixation, water, gel or air are preferred. As 
a further alternative, however, a solidifying fluid can be 
used, if desired. 

[0164] In alternative embodiments of the invention, the 
inflation fluid (either for the intramedullar nail or the disc 
prosthesis) is a filler material which is itself capable of 
expansion. This filler material is preferably capable of 
changing its volume or stiffness in response to an exter- 
nal stimulus. For example, the external stimulus can be 
a magnetic field, an electric field, radiation and/or tem- 
perature. Rheological materials, polyelectrolyte gels or 
other suitable expandable materials which change their 
volume or stiffness in response to external stimuli can be 
used as the filler material. 

[0165] This inflation fluid is placed in communication 
with the lumen of the balloon, while also being under 
pressure from an external source, causing the balloon to 
expand radially outward to fixate the bone. The balloon 
is then sealed, e.g. by using a valve, and the external 
fluid source is disconnected. In the valve embodiments, 
it is preferred that a protective cup be provided over the 
valve to shield and protect the valve from bone ingrowth. 
[0166] In the embodiments using a solidifying fluid, the 
disc prosthesis becomes extremely strong and can re- 
place the disc. This balloon can also be provided with 
one or more tunnels or holes between surfaces that allow 
the vertebral bone surfaces to contact each other be- 
tween two adjacent vertebrae, thereby enabling those 
two vertebrae to undergo fusion. In addition, the outside 
surface of the metal balloon is stronger than the verte- 
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brae, which keeps the vertebrae from eroding. The out- 
side surface of the metal balloon can also be abrasive or 
roughened, and be provided with protruding edges to en- 
gage the vertebrae and anchor the fixture firmly in place, 
preventing sliding or rotation. 5 
[0167] Additionally or alternatively, the balloon can 
comprises a biocompatible plastic which is of sufficient 
strength that it is stronger than the vertebrae. Additionally 
oralternatively, the balloon comprises an outside surface 
of metal as described above and an inner surface of bio- 10 
compatible plastic or fabric. 

[0168] In the case of the intramedullary device, once 
the bone has healed, the balloon can be deflated by open- 
ing the valve and removing the liquid, thereby easing the 
device's removal. In the case of the intervertebral disc 15 
prosthesis, the prosthesis may be left in place perma- 
nently. 

[0169] Figures 20-23 illustrate some preferred embod- 
iments of the present invention. These embodiments are 
useful with respect to the intramedullary nail, and the 20 
balloon embodiments of the nail, in particular, although 
features of these embodiments can also be used in con- 
junction with self-expanding or expandable devices 
and/or in conjunction with the other intervertebral devices 
and prostheses disclosed herein . Thus, the valve, fixation 25 
elements, etc. can also be used with the other inventions 
disclosed in the present disclosure. Figure 20 illustrates 
an additional preferred embodiment of the intramedullary 
nail or fixture of the present inventions. As shown in the 
figures, it is preferred that the nail be constructed having 30 
longitudinal, outwardly extending, bars 300. Figure 20B 
is a cross sectional view illustrating the protuberance of 
longitudinal bars 300 above the surface of intramedullary 
nail 31 0. These longitudinal bars 300 may be placed upon 
a portion of the length of intramedullary nail 310, although 35 
it is preferred that they extend along all, or substantially 
all, of the length of the intramedullary nailing device. In 
the preferred embodiment, as shown in the figure, four 
longitudinal bars are provided, located at 90 degree in- 
tervals around the nail's circumference. Alternatively, 40 
other numbers of longitudinal bars can be provided as 
well. 

[0170] Longitudinal bars 300 act as fixational ele- 
ments, improving the function of the device and facilitat- 
ing bone healing. When the intramedullar nail is inflated, 45 
the longitudinal bars or fixational elements 300 are 
pressed against the inner surface of the bone cortex, 
preventing rotational movement between the broken 
parts of the bone and preventing bending. The addition 
of these fixational elements presents an advantage over 50 
standard intramedullar nails as no interlocking is needed 
due to the fact that the longitudinal rods prevent rotation. 
This furtherstabilizes the bone, and facilitates the healing 
process. These longitudinal bars or fixational elements 
300 can be provided to various embodiments of the 55 
present invention, whether the self expandable, balloon 
expandable, or balloon embodiments, disclosed herein. 
[0171] Figure 21 illustrates additional aspects of a pre- 



ferred embodiment of the intramedullarfixture disclosed 
herein. As shown in the figure, in preferred embodiments 
of the invention, a metal balloon or fixture 320 is utilized 
having a pipe or body 321 and a distal end cover 323. 
Metal balloon or fixture 320 is further provided with a 
valve 318 located at proximal tip 330 of the fixture for 
controlling the passage of fluid into and out of fixture 320. 
Valve 318 includes ventilation pin 325, O-ring 326, and 
spring 327 housed within a head cover 322, and termi- 
nating in a head cap 328. Head cover 322 and head cap 
328 shield valve 318, preventing bone growth into the 
valve. 

[0172] In a preferred embodiment, a high pressure fluid 
(e.g. saline) is first inserted or pumped into the intramed- 
ullarfixture through valve 318. Pumping of the saline into 
the balloon through the valve causes fixture 320 to ex- 
pand in diameter, as shown in comparison of Figure 21 B 
to Figure 21 C. The valve prevents fluid from escaping 
the intramedullar fixture, maintaining the fixture in the 
expanded state for the length of time needed. If desired, 
the fixture can be subsequently deflated using valve 318 
to release fluid or saline from the fixture. 
[0173] A further embodiment of the invention is illus- 
trated in Figure 21 D. The invention is illustrated as locat- 
ed within a bone 31 3. The fixture is provided with a tubular 
element 311 for location in the vicinity of the bone frac- 
ture. Element 311 is of a fixed diameter less than the 
diameter of inflated fixture segments 315. The diameter 
of element 31 1 is fixed such that upon radial expansion 
of the fixture, element 31 1 prevents or restrains expan- 
sion of the fixture so that it cannot contact the inner bone 
surface. Thus, although segments 315 expand to a di- 
ameter which contacts the inner surface of the bone, el- 
ement 311 prevents the fixture surrounded by the ele- 
ment from achieving the degree of expansion achieved 
by the remainder of the fixture. The device, for example, 
can be provided with a ring for restraining expansion of 
in that area. This embodiment is particularly useful to 
prevent "butterfly fractures", or complications in fractures 
with multiple bone fragments. 

[0174] An embodiment of the intramedullar nail of the 
present invention is disclosed in Figure 22A. Figure 22A 
consists of two cross sectional views of a fixture embod- 
iment, both before and after expansion, these views be- 
ing superimposed on each other (for appreciation of rel- 
ative constricted and expanded diameters). In this em- 
bodiment of the invention, the constricted intramedullar 
nail includes a curved or undulated surface, preferably 
having longitudinal bars 300 located thereon. It is pre- 
ferred that intramedullarfixture, before expansion, have 
its surface be curved or folded inward to form a series of 
connected bulbous sections 336. In the preferred em- 
bodiment, the bulbous sections form a clover like config- 
uration in the compressed state, as shown in the four leaf 
clover configuration illustrated in Figure 22A. 
[0175] As shown in Figure 22A, in the compressed 
configuration or state 332, intramedular nail 330 main- 
tains a compressed diameter D>|. Compressed diameter 



17 



33 



EP 1 011 464 B1 



34 



D 1 is a small diameter such that the intramedullar nail is 
suitable for insertion into the bone through a small hole 
in the bone or through a syringe, as discussed above. In 
contrast, in the expanded configuration or state 334, the 
intramedular nail 330 is maintained within the bone at an 
expanded diameter D 2 . Expanded diameter D 2 is a larger 
diameter, measured from the outside surface of longitu- 
dinal bar 301 to the outside surface of opposing longitu- 
dinal bar 302, this diameter being sufficient such that the 
longitudinal bars are pressed up against the inner wall 
of the desired bone. The figure, although not to scale, 
shows both the compressed and expanded states of the 
fixture superimposed on each other, illustrating the sub- 
stantial increase of diameter achieved by inflation of the 
fixture from the compressed to the expanded state. 
[0176] Figure 22B is a further embodiment of the in- 
vention, illustrated in the same manner as in Figure 22A. 
In this embodiment, one or more hairpin loops or arcs 
337 are provided between longitudinal bars 300. In the 
embodiment shown, four longitudinal bars 300 are pro- 
vided, each at 90 degrees to each other, with one hairpin 
loop 337 centrally located between and connecting each 
adjacent pair of longitudinal bars. One or more or no hair- 
pin loops can be provided between any or all of the pairs 
of adjacent longitudinal bars, if desired. 
[0177] As shown in Figures 23A and 23B, in preferred 
embodiments, the intramedullar nail can also be provided 
with a medial longitudinal canal, bore or tunnel 344. This 
canal 344 faciliates the insertion of the nail into the bone, 
allowing the insertion procedure to be performed using 
a guide wire. The medial canal 344 is threaded over the 
guide wire to allow the fixture to be easily guided into the 
appropriate position during insertion into the bone, and 
to allow the guide wire to be pulled out once positioning 
has been completed. 

[01 78] Particularly in the embodiments having a valve, 
a retrieval mechanism can be provided which is mounted 
on the tip of the implanted nail to assist in withdrawal of 
the nail from the bone. Upon mounting the retrieval device 
on the tip of the valve, the valve can be opened, releasing 
the high pressure within the nail and thereby allowing the 
diameter to decrease in preparation for removal. 
[0179] In summary, the above descriptions of the 
present invention describe minimally invasive insertion 
of intramedullary. It must be understood that, although 
preferred embodiments are described, the embodiments 
of the present inventions are directed to expandable fix- 
ation and prosthesis devices which expand by an ex- 
pander inserted through its lumen to an expansion level 
that enables percutaneous insertion of the bone fixator. 
[0180] Having described the inventions with regard to 
specific embodiments, is to be understood that the 
present application covers all variations and modifica- 
tions of the inventions as fall within the scope of the 
claims. 



Claims 

1 . A medical device for treatment of broken bones hav- 
ing an intramedullary cavity, the bone being provided 

5 with a bore formed through the exterior surface of 

the bone and extending into the intramedullary cav- 
ity, comprising: 

a bone fixture (320) for insertion through the 

10 bore of the bone and into the intramedullary cav- 

ity, said bone fixture comprising an inflatable, 
diameter-expandable tube having an exterior 
circumferential surface, said tube (321) having 
a reduced first diameterfor insertion through the 

15 bore and into the intramedullary cavity and a 

second expanded diameter, wherein said bone 
fixture (320) will radially increase in diameter 
from said reduced first diameterto said expand- 
ed second diameter by inflation when fluid is 

20 supplied to the interior of said device, and when 

said bone fixture (320) radially increases in di- 
ameter from said reduced first diameter to said 
second expanded diameter, at least a portion of 
said exterior circumferential surface coming into 

25 contact with a portion of the side wall of said 

intramedullary cavity upon said bone fixture 
(320) increasing to said second expanded diam- 
eter, characterised in that said tube is a non- 
memory metallic tube. 

30 

2. A medical device as claimed in claim 1 , wherein said 
device is basically cylindrical when expanded to said 
second expanded diameter. 

35 3. A medical device as claimed in claim 1 further com- 
prising at least one rib longitudinally extending along 
the exterior circumferential surface of said bone fix- 
ture. 

^o 4. a medical device as claimed in claim 1, wherein at 
least two ribs longitudinally extend along the exterior 
circumferential surface of said bone fixture. 

5. A medical device as claimed in claim 4, wherein said 
45 ribs define wall web portions therebetween and said 

wall web portions are folded upon themselves prior 
to expansion of said bone fixture. 

6. A medical device as claimed in claim 1 , further com- 
50 prising four ribs longitudinally extending along the 

exterior circumferential surface of said bone fixture. 

7. A medical device as claimed in claim 5, wherein said 
wall web portions are initially, pre-expansion, folded 

55 into individual bulbous sections, said sections being 

approximately S-shaped. 



8. A medical device as claimed in claim 5, wherein said 



18 



35 



EP 1 011 464 B1 



36 



device comprises four of said longitudinal ribs and 
wherein said wall web portions are initially, pre-ex- 
pansion, folded into individual bulbous sections, said 
bulbous sections being approximately S-shaped. 

5 

9. A medical device as claimed in claim 5, wherein each 
of said wall web portions are folded, pre-expansion, 
into a hairpin-like loop. 

1 0. A medical device as claimed in claim 5, wherein said 10 
device comprises four of said longitudinal ribs and 
wherein each of said wall web portions are curved, 
pre-expansion, into a hairpin-like loop. 



fixture being of a sufficiently small size in said re- 
duced diameter that said bone fixture (320) can be 
inserted into said bone by use of said cannula. 

Patentanspruche 

1. Medizinische Vorrichtung fur die Behandlung von 
gebrochenen Knochen mit einem intramedullaren 
Hohlraum, wobei der Knochen mit einem Bohrloch 
versehen ist, das durch die Aufienflache des Kno- 
chens gebildet wird und sich in den intramedullaren 
Hohlraum erstreckt, das aufweist: 



1 1 . A medical device as claimed in either of claims 1 or 
3 wherein said metallic tube is manufactured of a 
material selected from the group comprising: titani- 
um, stainless steel and SS316. 

12. A medical device as claimed in either of claims 1 or 
3, wherein said reduced first diameter is sufficiently 
small such that said bone fixture can be inserted into 
the bore of the bone through a syringe. 

13. A medical treatment device as claimed in either of 
claims 1 or 3, wherein said bone fixture is sized for 
treatment of a broken bone selected from the group 
comprising: the hand, the foot, the leg and the arm. 

14. A medical device as claimed in either of claims 1 or 
3, wherein said device further comprises a restrain- 
ing means for restraining radial expansion of a por- 
tion of said device, when said device expands from 
said reduced first diameterto said expanded second 
diameter. 

15. A medical device as claimed in either of claims 1 or 
3, wherein said bone fixture increases in diameter 
by at least 40% when said fixture increases from said 
reduced first diameter to said expanded second di- 
ameter. 

16. A medical device as claimed in either of claims 1 or 
3, wherein said bone fixture is supplied with a valve, 
at least allowing for one-way fluid flow, for selective 
entry of the fluid into the interior of said device. 

17. A medical device as claimed in claim 16, wherein 
said valve is bi-directional. 

1 8. A medical device as claimed in claim 3, wherein said 
bonefixture is in the basicshape of a cylindertapered 
on at least one end. 

19. A medical treatment system comprising a medical 
device according to any preceding claim and a can- 
nula (48) for insertion of said bone fixture (320) into 
a bone, said cannula comprising a lumen, said bone 



75 eine Knochenhalterung (320) fur das Einsetzen 

durch das Bohrloch des Knochens und in den 
intramedullaren Hohlraum, wobei die Knochen- 
halterung einen aufblasbaren, im Durchmesser 
expandierbaren Schlauch mit einer aufteren 

20 Umfangsflache aufweist, wobei der Schlauch 

(321) einen verringerten ersten Durchmesser 
furein Einsetzen durch das Bohrloch und in den 
intramedullaren Hohlraum hinein und einen 
zweiten expandierten Durchmesser aufweist, 

25 wobei die Knochenhalterung (320) im Durch- 

messer vom verringerten ersten Durchmesser 
zum expandierten zweiten Durchmesser durch 
Aufblasen radial grower wird, wenn Fluid dem 
Inneren der Vorrichtung zugefuhrt wird, und wo- 

30 bei, wenn die Knochenhalterung (320) im 

Durchmesser vom verringerten ersten Durch- 
messer zum zweiten expandierten Durchmes- 
ser radial grafter wird, mindestens ein Abschnitt 
der aufteren Umfangsflache mit einem Ab- 

35 schnitt der Seitenwand des intramedullaren 

Hohlraumes in Beruhrung kommt, wenn sich die 
Knochenhalterung (320) auf den zweiten expan- 
dierten Durchmesser vergroftert, dadurch ge- 
kennzeichnet, dassderSchlauch ein Nichtme- 

^0 morymetallschlauch ist. 

2. Medizinische Vorrichtung nach Anspruch 1 , bei dem 
die Vorrichtung im Grunde genommen zylindrisch 
ist, wenn es bis zum zweiten expandierten Durch- 

45 messer expandiert wird. 

3. Medizinische Vorrichtung nach Anspruch 1 , das au- 
fterdem mindestens eine Rippe aufweist, die sich in 
Langsrichtung entlang der aufteren Umfangsflache 

50 der Knochenhalterung erstreckt. 

4. Medizinische Vorrichtung nach Anspruch 1 , bei dem 
sich mindestens zwei Rippen in Langsrichtung ent- 
lang der aufteren Umfangsflache der Knochenhal- 

55 terung erstrecken. 

5. Medizinische Vorrichtung nach Anspruch 4, bei dem 
die Rippen Wandstegabschnitte dazwischen defi- 
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nieren und die Wandstegabschnitte vor der Expan- 
sion der Knochenhalterung auf sich selbst gefaltet 
werden. 

6. Medizinische Vorrichtung nach Anspruch 1 , das au- 5 
fterdem vier Rippen aufweist, die sich in Langsrich- 
tung entlang der aufieren Umfangsflache der Kno- 
chenhalterung erstrecken. 

7. Medizinische Vorrichtung nach Anspruch 5, bei dem 10 
die Wandstegabschnitte anfangs, vor der Expansi- 
on, zu einzelnen bauchigen Abschnitten gefaltet 
werden, wobei die Abschnitte annahernd S-formig 
sind. 

15 

8. Medizinische Vorrichtung nach Anspruch 5, bei dem 
die Vorrichtung vier der Langsrippen aufweist, und 
bei dem die Wandstegabschnitte anfangs, vor der 
Expansion, zu einzelnen bauchigen Abschnitten ge- 
faltet werden, wobei die Abschnitte annahernd S- 20 
formig sind. 

9. Medizinische Vorrichtung nach Anspruch 5, bei dem 
einjederder Wandstegabschnitte vor der Expansion 

zu einer haarnadelartigen Struktur gefaltet wird. 25 

1 0. Medizinische Vorrichtung nach Anspruch 5, bei dem 
die Vorrichtung vier der Langsrippen aufweist, und 
bei dem ein jeder der Wandstegabschnitte vor der 
Expansion zu einer haarnadelartigen Struktur gebo- 30 
gen wird. 

11. Medizinische orrichtung nach entweder Anspruch 1 
oder 3, bei dem der Metallschlauch aus einem Ma- 
terial hergestellt wird, das aus der Gruppe ausge- 35 
wahlt wird, die aufweist: Titan, nichtrostenden Stahl 
und SS316. 

12. Medizinische Vorrichtung nach entweder Anspruch 

1 oder3, bei dem der verringerte erste Durchmesser 40 
ausreichend klein ist, so dass die Knochenhalterung 
mittels einer Spritze in das Bohrloch des Knochens 
eingesetzt werden kann. 

13. Medizinische Vorrichtung nach entweder Anspruch 45 
1 oder3, bei dem die Knochenhalterung fur eine Be- 
handlung eines gebrochenen Knochens bemessen 

ist, ausgewahlt aus der Gruppe, die aufweist: die 
Hand, den Fuft, das Bein und den Arm. 

50 

14. Medizinische Vorrichtung nach entweder Anspruch 
1 oder 3, bei dem die Vorrichtung aufterdem ein Ein- 
schrankungsmittel fur das Einschranken der radia- 
len Expansion eines Abschnittes der Vorrichtung 
aufweist, wenn die Vorrichtung vom verringerten er- 55 
sten Durchmesser zum expandierten zweiten 
Durchmesser expandiert. 



15. Medizinische Vorrichtung nach entweder Anspruch 
1 oder 3, bei dem die Knochenhalterung im Durch- 
messer urn mindestens 40 % grower wird, wenn sich 
die Halterung vom verringerten ersten Durchmesser 
zum expandierten zweiten Durchmesser vergro {he rt. 

16. Medizinische Vorrichtung nach entweder Anspruch 
1 oder 3, bei dem die Knochenhalterung mit einem 
Ventil geliefert wird, das mindestens einen Einweg- 
fluidstrom fur einen selektiven Eintritt des Fluids in 
das Innere der Vorrichtung gestattet. 

17. Medizinische Vorrichtung nach Anspruch 16, bei 
dem das Ventil ein Zweirichtungsventil ist. 

18. Medizinische Vorrichtung nach Anspruch 3, bei dem 
die Knochenhalterung in der Grundform ein Zylinder 
ist, der an mindestens einem Ende kegelformig ist. 

19. Medizinisches Behandlungssystem, das aufweist: 
ein medizinische Vorrichtung nach einem der vor- 
hergehenden Anspruche; und eine Kanule (48) fur 
das Einsetzen der Knochenhalterung (320) in einen 
Knochen, wobei die Kanule einen Hohlraum auf- 
weist, wobei die Knochenhalterung von einer aus- 
reichend kleinen Grofie beim verringerten Durch- 
messer ist, damit die Knochenhalterung (320) bei 
Benutzung der Kanule in den Knochen eingesetzt 
werden kann. 



Revendications 

1. Dispositif medical pour le traitement d'os casses, 
comprenant une cavite intramedullaire, I'os etant 
muni d'un alesage forme a travers la surface externe 
de I'os et s'etendant dans la cavite intramedullaire, 
comprenant : 

un dispositif de fixation de I'os (320) destine a 
etre insere a travers I'alesage de I'os et dans la 
cavite intramedullaire, ledit dispositif de fixation 
de I'os comprenant un tube gonflable a diametre 
dilatable, comportant une surface circonferen- 
tielle externe, ledit tube (321) ayant un premier 
diametre reduit en vue de I'insertion a travers 
I'alesage et dans la cavite intramedullaire, et un 
deuxieme diametre dilate, ledit dispositif de fixa- 
tion de I'os (320) ayant un diametre a accrois- 
sement radial, dudit premier diametre reduit 
vers ledit deuxieme diametre dilate, par gonfle- 
ment lors de I'alimentation de fluide a I'interieur 
dudit dispositif, ledit dispositif de fixation de I'os 
(320) ayant un diametre a accroissement radial, 
dudit premier diametre reduit vers ledit deuxie- 
me diametre dilate, au moins une partie de ladite 
surface circonferentielle externe entrant en con- 
tact avec une partie de la paroi laterale de ladite 
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cavite intramedullaire lors de I'accroissement du 
diametre dudit dispositif de fixation de I'os (320) 
vers ledit deuxieme diametre dilate, caracterise 
en ce que ledit tube est un tube metallique sans 
memoire de forme. 5 

2. Dispositif medical selon la revendication 1 , dans le- 
quel ledit dispositif est essentiellement cylindrique 
lors de la dilatation vers ledit deuxieme diametre di- 
late. 10 

3. Dispositif medical selon la revendication 1 , compre- 
nant en outre au moins une nervure s'etendant lon- 
gitudinalement le long de la surface circonferentielle 
externe dudit dispositif de fixation de I'os. 15 

4. Dispositif medical selon la revendication 1 , dans le- 
quel au moins deux nervures s'etendent longitudi- 
nalement le long de la surface circonferentielle ex- 
terne dudit dispositif de fixation de I'os. 20 

5. Dispositif medical selon la revendication 4, dans le- 
quel lesdites nervures definissent des parties de 
bande de paroi entre elles, lesdites parties de bande 

de paroi etant repliees sur elles-memes avant la di- 25 
latation dudit dispositif de fixation de I'os. 

6. Dispositif medical selon la revendication 1 , compre- 
nant en outre quatre nervures s'etendant longitudi- 
nalement le long de la surface circonferentielle ex- 30 
terne dudit dispositif de fixation de I'os. 

7. Dispositif medical selon la revendication 5, dans le- 
quel lesdites parties de bande de paroi sont pliees 
initialement, avant la dilatation, en des sections bul- 35 
beuses individuelles, lesdites sections ayant prati- 
quement une forme en S. 

8. Dispositif medical selon la revendication 5, dans le- 
quel ledit dispositif comprend quatre desdites ner- 40 
vures longitudinales, lesdites parties de bande de 
paroi etant initialement, avant la dilatation, pliees en 
des sections bulbeuses individuelles, lesdites sec- 
tions bulbeuses ayant pratiquement une forme en S. 

45 

9. Dispositif medical selon la revendication 5, dans le- 
quel chacune desdites parties de bande de paroi est 
pliee apres la dilatation en une boucle en epingle a 
cheveux. 

50 

10. Dispositif medical selon la revendication 5, dans le- 
quel ledit dispositif comprend quatre desdites ner- 
vures longitudinales, chacune desdites parties de 
bande de paroi etant courbee avant la dilatation en 
une boucle en epingle a cheveux. 55 

11. Dispositif medical selon I'une des revendications 1 
ou 3, dans lequel ledit tube metallique est fabrique 



a partirde materiau selectionne dans legroupe cons- 
titue de : titane, acier inoxydable et SS316. 

12. Dispositif medical selon I'une des revendications 1 
ou 3, dans lequel ledit premier diametre reduit est 
suffisamment reduit pour permettre I'insertion dudit 
dispositif de fixation de I'os dans I'alesage de I'os 
par I'intermediaire d'une seringue. 

13. Dispositif de traitement medical selon I'une des re- 
vendications 1 ou 3, dans lequel ledit dispositif de 
fixation de I'os est dimensionne pour le traitement 
d'un os casse, selectionne dans le groupe constitue 
de : la main, le pied, la jambe et le bras. 

14. Dispositif medical selon I'une des revendications 1 
ou 3, dans lequel ledit dispositif comprend en outre 
un moyen de retenue pour contenir la dilatation ra- 
diale d'une partie dudit dispositif lorsque ledit dispo- 
sitif est dilate dudit premier diametre reduit vers ledit 
deuxieme diametre dilate. 

15. Dispositif medical selon I'une des revendications 1 
ou 3, dans lequel ledit dispositif de fixation de I'os a 
un diametre accru d'au moins 40% lors de I'accrois- 
sement du diametre dudit dispositif de fixation dudit 
premier diametre reduit vers ledit deuxieme diame- 
tre dilate. 

16. Dispositif medical selon I'une des revendications 1 
ou 3, dans lequel ledit dispositif de fixation de I'os 
est equipe d'une soupape, permettant au moins un 
ecoulement de fluide dans une direction, en vue 
d'une entree selective du fluide a I'interieur dudit dis- 
positif. 

17. Dispositif medical selon la revendication 16, dans 
lequel ladite soupape est bidirectionnelle. 

18. Dispositif medical selon la revendication 3, dans le- 
quel ledit dispositif de fixation de I'os a la forme de 
base d'un cylindre effile au niveau d'au moins une 
extremite. 

19. Systeme de traitement medical, comprenant un dis- 
positif medical selon I'une quelconque des revendi- 
cations precedentes, et une canule (48) pour I'inser- 
tion dudit dispositif de fixation de I'os (320) dans un 
os, ladite canule comprenant une lumiere, ledit dis- 
positif de fixation de I'os ayant une taille suffisam- 
ment reduite en presence dudit diametre reduit pour 
permettre I'insertion dudit dispositif de fixation de I'os 
(320) dans ledit os par I'intermediaire de ladite ca- 
nule. 
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FIG. 3A 
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FIG. 12 




33 



EP 1 011 464 B1 




EP 1 011 464 B1 




FIG. !4B 
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